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1 Executive Summary 


1.1 Overview 


The Raritan Valley Line (RVL) Capacity Study has investigated a number of capacity 
enhancement options along the central segment of the RVL corridor between Cranford and 
Raritan. These improvements, coupled with other improvements further east in the corridor, 
have the potential to transform the RVL. The central segment’s historic alignment and width 
of the right-of-way lend themselves to a future that offers more service, improved trip times 
and greater connectivity. NJ TRANSIT has advanced the planning for a series of projects on 
the eastern segment of this line involving the Lehigh Line, which is shared with the freight 
railroads, and the Lehigh Line’s connection to the Northeast Corridor in Newark. There also 
have been requests to extend RVL services westward which NJ TRANSIT has studied. 


For the proposed westward rail extensions to function so they achieve the ridership and 
other goals needed to justify the required capital investment, core system improvements 
must be made. In addition to investing in improvements on the eastern portion of the line 
noted previously, NJ TRANSIT has begun, through the RVL Capacity Study, the required 
planning to outline the feasibility and requirements for adding train capacity in the central 
segment of the RVL between Cranford and Raritan. It is expected that in the future, 
additional capacity (including possibly a new third track) will need to be added to support 
future service demands in the central segment of the RVL. 


NJ TRANSIT’s potential future RVL capital improvements and service enhancements 
require that communities along the line (including potential extensions) consider actions that 
facilitate transit-supporting development near RVL stations. These actions can provide 
synergistic benefits for communities and for transit users: more ridership brings more service 
and more service brings more ridership. The capital requirements and operating funding 
support needed for the array of potential capital improvements and service additions 
necessitates that every effort be made to boost future RVL ridership. 


1.2 Background 


The purpose of this report is to begin outlining a framework for additional analysis in order to 
firmly establish a future RVL Infrastructure Improvement plan. Until that is progressed 
further, this report provides guidance for capital improvement decision-making, especially as 
it relates to station platform configurations and potential funding for bringing additional RVL 
stations into compliance with the Americans with Disabilities Act (ADA). 


This report contains an analysis of several capacity enhancement options for a 20-mile long 
portion of the RVL. Other capital projects are under consideration which would improve 
capacity for RVL trains operating on lines further east that are owned by other rail operators. 
To better understand the area which is the subject of this study, the following general 
description of the RVL is provided. 


The RVL is a commuter rail line in the I-78 Corridor in north-central New Jersey that 
connects with other NJ TRANSIT lines at Pennsylvania (Penn) Station in Newark, NJ. RVL 
passengers transfer to/from other services at Newark Penn Station to reach Manhattan and 
other points in northern New Jersey. After departing from Newark Penn Station, outbound 
RVL trains operate over Amtrak’s Northeast Corridor for approximately 2 miles, then operate 
over the Conrail Shared Assets Lehigh Line for 6 miles. At Aldene, near the common border 
of Roselle Borough, Roselle Park Borough and Cranford Township, trains transition to the 
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portion of the RVL right of way owned by NJ TRANSIT. The majority of RVL trains 
originate/terminate at Raritan, approximately 20 miles west of Aldene. A smaller number of 
weekday-only trains serve the 16-mile segment between High Bridge and Raritan; all of 
these trains also serve the RVL between Raritan and Newark. The line’s major train storage 
and servicing facility is located at Raritan. The focus of this report is the central segment of 
the NJT-owned RVL segment of the line, between Crandford and Raritan. 


Newark Penn Station 


RARITAN VALLEY LINE 


The NJ TRANSIT-owned portion of the RVL consists of two main tracks, generally suitable 
for 80 mph operations, between Aldene and Raritan. A single main track (with two passing 
sidings) is in place between Raritan and High Bridge, with a maximum authorized speed of 
70 mph. The RVL service is provided with diesel locomotives and multilevel coaches. RVL 
2012 ridership was about 21,800 passenger trips (both directions combined) per weekday. 
This represents about 7.8% of total NJ TRANSIT Commuter Rail ridership. Currently there 
are 53 trains each weekday and 37 trains on weekend days. 


NJ TRANSIT has studied numerous alternatives for extending RVL service westward, either 
to points along the historic RVL corridor (such as Phillipsburg), or on lines which would 
branch from the RVL at Bridgewater and extend to either Flemington or West Trenton. NJ 
TRANSIT is not currently in a position to advance further development of these extensions. 
Additional effort is also required to update and expand the planning process for these 
projects. However, planning studies for these extension projects indicates the need to 
preserve space on the central segment of the RVL system (Cranford to Raritan) to 
accommodate future RVL service extensions requiring added train capacity as well as to 
carry future core area riders on the RVL. 


Approximately 60% of current RVL ridership boards at stations Plainfield and east, and this 
percentage is not expected to change significantly in the near future. There are also other 
train service operating considerations which need to be further considered and 
accommodated, such as track capacity to accommodate reverse peak period services and 
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services which do not stop at every existing station. Train trip times are a factor which 
influences the number of travelers who would find future services sufficiently attractive to 
use them. For all of these reasons, NJ TRANSIT has investigated a range of capacity 
enhancement options for the central segment of the NJ TRANSIT-owned segment of the 
RVL, as presented in this report. 


1.3. The Analysis 


An important starting assumption for this work effort is that sufficient capacity improvements 
have been made to the non-NJ TRANSIT line segments (Lehigh Line and Northeast 
Corridor Line) used by RVL trains to access Newark Penn Station. Some of the potential 
improvement projects in this territory could include Hunter Flyover, additional trackage on 
the Conrail Lehigh Line, and improvements to the Aldene connecting track. All of these 
improvements would be complex and pose significant future funding challenges. 


This analysis does not assume that any new Trans-Hudson capacity has been put in place. 
The operating plans utilized in this analysis do not assume direct service to Penn Station 
New York. It is anticipated that further analysis of the central segment of the RVL will occur 
in the future as the planning for the different extensions progress and more is known about 
future available capacity on the Northeast Corridor. 


This report analyzes the current RVL signal system and the operating capacity it supports. It 
provides a first look at enhanced service patterns and how each would relate to a variety of 
signal and rail network infrastructure changes including: 


e Scenario 1: Signal System upgrading (shorter blocks/greater number of signal 
aspects) 

e Scenario 2: Addition of a segment of third main track from west of Westfield to east 
of Plainfield (less than 3 miles) 

e Scenario 3: Addition of a segment of third main track from west of Westfield to west 
of Plainfield (about 4 miles) 

e Scenario 4: Creation of turn-back tracks to support a Zone concept of operations. 


Most of the scenarios — those that add a third express track and those that retain the two- 
track configuration — have operational benefits but Scenario 2 was found to produce 
unacceptable delay conditions and has been deemed “not viable” due to the relatively short 
length of its overtake (third) track. 


All study scenarios include higher capacity re-signaling between Aldene and Raritan. Such 
signaling would convert the RVL to cab/no wayside train control, with five cab signal aspects 
(Maximum Speed, 60 mph, 45 mph, 30 mph and Restricted Speed) and shorter signal 
blocks providing improved following move headways. Such re-signaling would reduce the 
current minimum following headway of about 8 minutes (7.5 trains per hour) for an all-stops 
train to about 6 minutes (10 trains per hour). 


The study team employed an automated Train Performance Calculator (TPC) / String Chart 
approach in concert with NJ TRANSIT Rail Service Planning to develop workable operating 
plans for each of the scenarios, varying stopping patterns, turnback locations and overtake 
locations. In the end, each scenario has its own operating plan with train schedules tailored 
to available infrastructure of that specific scenario. 
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The study team concluded, based on the analysis conducted to date, that Scenarios 1,3 and 
4 are all potentially viable alternatives that should be considered in any future RVL capacity 
studies. 


1.4 Environmental Issues 


Using information readily available from the environmental data layers in Geographic 
Information Systems (GIS), known environmental issues in and around the areas proposed 
for capital improvements in each of the study scenarios have been screened. The screening 
reveals environmental sensitivities in several areas, including: 


e Wetlands adjacent to the right-of-way southwest of Somerville, east of Bridgewater 
through Bound Brook, and east of Middlesex Borough along the Bound Brook; 


e Contaminated sites in the vicinity of the right-of-way at American Cyanamid in 
Bridgewater; and 


e Floodplains adjacency and crossings of the 100-year floodplains of the Raritan River 
(throughout the Raritan/Bridgewater area) and the Rahway River (Cranford). 


With the exception of the Scenario 4 turnback track and expanded platform at Bound Brook, 
none of the identified environmental sensitivities are near the proposed infrastructure of any 
of the RVL scenarios examined in this study. 


In addition, it should be noted that historic properties and districts located throughout the 
RVL may be contributing resources to the line’s designation as part of the Central Railroad 
of New Jersey Historic Rail Corridor. Examples include station structures at Somerville, 
Westfield, and Cranford. 


Scenario 1 has no natural resource impacts or potential regulatory permit requirements as 
this scenario involves changes to the signal system only. 


Scenarios 2 and 3 may require a Flood Hazard Area and Wetland Transition Area permit for 
project impacts associated with an un-mapped stream/linear wetland that runs parallel to the 
right-of-way at approximately Milepost 21. Floodplains associated with the Green Brook, 
Cedar Brook, and Ash Brook exist adjacent to the right-of-way. Known contaminated sites 
exist adjacent to the project right-of-way in both scenarios. Further investigation of theses 
identified sites is recommended. 


Scenario 4 may require a Flood Hazard Area and Wetland Transition Area permit for project 
impacts associated with the Middle Brook, Raritan River, and Bound Brook. These 
waterbodies either cross or are adjacent to the project right-of-way. Known contaminated 
sites exist adjacent to the project right-of-way in Scenario 4. Further investigation of theses 
identified sites is recommended. 
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2 Existing Conditions 


The RVL dates to the 1840s and was operated for more than 125 years by the Central 
Railroad of New Jersey (CNJ). With strong commuter ridership from Raritan and points east, 
it operated eastward from Cranford through Elizabeth and Bayonne to the Jersey City 
waterfront. There, in what is now Liberty State Park, the RVL terminated at Jersey City 
Terminal where ferry connections could be made to Lower Manhattan. 


In addition to commuter service, the CNJ operated intercity service to Bethlehem, Allentown, 
and Scranton, PA on its mainline, now known as the RVL. During the 1960s, passenger rail 
service declined and the CNJ sought an alternative to operating its costly Jersey City 
terminal and trans-Hudson ferry service. The “Aldene Plan” was launched, including 
construction of a single track connection from the RVL to the Lehigh Valley Railroad’s 
mainline at Aldene. Use of the Lehigh Line (then operating with a significantly smaller 
volume of freight trains than operate today) provided access to the Hunter Connection to the 
Northeast Corridor, with RVL service realigned to terminate at Newark Penn Station (where 
connections could be made to PATH and New York-bound trains operated by the 
Pennsylvania Railroad). The Aldene Plan included a shuttle service from the new through 
Raritan-Newark route at Cranford, providing continued passenger rail access to Elizabeth 
and Bayonne. The Aldene Connection was inaugurated in April 1967, thereby establishing 
the RVL route structure that endures today. 


At Cranford, the Aldene Plan produced a unique six-track configuration with two inside 
express tracks and four outside local tracks with island platform access on each side. The 
extreme outer tracks provided access to the CNJ Main Line to Elizabeth and Bayonne for 
shuttle train operation while the inner local tracks provided access to the Aldene Connection 
and service to Newark Penn Station. 


In 1976, the bankrupt CNJ became part of Conrail, which operated passenger service under 
contract with the New Jersey Department of Transportation. The shuttle operation between 
Cranford and Bayonne ended in 1978. NJ TRANSIT assumed RVL operation in 1983. Under 
NJ TRANSIT, the line’s rolling stock has been replaced, stations upgraded and the track 
layout reduced to two mainline tracks from the historical four track configuration. 


2.1 = Infrastructure 
The two-track RVL extends some 21.1 miles from the Lehigh Line Connection at CP-Aldene 
to the end of mainline double track at Boyd Interlocking, just west of Raritan Station. The 
line supports an ggggmph passenger train maximum speed with only a few permanent speed 
restrictions: 

e MP 15.0 to 15.9 near Aldene — jjggmph, 


e MP 28.8 to 28.5 between Dunellen and Bound Brook — jg mph (eastward, head end 
only through Cedar Avenue grade crossing), 


e MP 34.4 to 34.6 near Somerville — gp mph, and 
e MP 35.1 to 35.6 near Raritan —gggj mph on Track 1 and gg mph on Track 2. 


Freight trains are limited toggggnph on the line, with agg mph restriction between MP 15.0 
and 15.9 near Aldene. NJ TRANSIT Timetable Special Instructions limit freight trains with 
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more than 40 cars to jjgjgmph maximum on the entire line, due to signal design safe 
braking distance constraints. 


The RVL’s infrastructure was extensively rationalized and rebuilt in a project that spanned 
the first two years of NJ TRANSIT operation, 1983 to 1985. In general, NJT retained the two 
RVL tracks on the inner (former express track) railbeds, leaving the outer railbeds unused. 
Where undergrade bridges exist, all four bridge spans were generally maintained. While 
there are exceptions, bridge rehabilitation projects since the rationalization have generally 
addressed all four spans at a given location. 


The RVL has few highway/rail grade crossings between Aldene and Raritan thanks to many 
CNJ grade separation projects in the 20" Century. These grade separation projects 
spanned some five decades, starting in 1912 (in Somerville) and ending in 1954 (in 
Dunellen). The RVL has the following public crossings at grade between Aldene and Raritan 
(the last one being just west of Raritan Station): 


e Mountain Ave., Middlesex (MP 28.0), 
e Cedar Ave., Middlesex (MP 28.5), 
e Vosseler Ave., Bound Brook (MP 30.7), 
e Lamont Ave., Bound Brook (MP 31.0), 
e STS Drive, Bridgewater (MP 31.2), 
e Polhemus Lane, Bridgewater (MP 32.1), 
e Egan’s Crossing, Manville (MP 33.4), 
e Thompson St., Raritan (MP 35.8), and 
e Anderson St., Raritan (MP 35.9). 
The Cedar Avenue grade crossing is the only one on the RVL that is shared with the 


somewhat parallel Conrail Lehigh Line. The Raritan Valley and Lehigh Lines share highway 
warning devices at this location because of the short distance between parallel rail lines. 


The study territory of Raritan to CP-Aldene (just east of Cranford) includes 11 passenger rail 
stations. Of these stations, four (Somerville, Plainfield, Westfield and Cranford) are fully 
accessible, in compliance with the Americans with Disabilities Act (ADA). 


2.2 #&«1.\qTrain Control 


The entire territory from CP-Aldene to Boyd Interlockings was resignalled in 1985 and is 
equipped with Rule 261 bidirectional signaling, including both wayside and cab signals. The 
line features universal interlockings at Clark (which also serves as the connection to the 
Garwood Industrial Track), Queen (in Plainfield), and Brook (which also serves as the 
connection to the Conrail Lehigh Line in Bound Brook). Interlocked holding signals to 
support mainline train turnbacks are in service at CP (Control Point) Scotch (Westfield 
Station) and at CP Plain (Plainfield Station). 


The Study Team performed an analysis of RVL signal design speeds, shown in Table 1. The 
NJ TRANSIT signal control line plans were reviewed to determine the length of provided 
distance for each braking profile to a Stop or Stop & Proceed signal. Depending on location, 
this constitutes one or two signal blocks. 
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(which uses a different set of NJ TRANSIT design criteria) is not a signal spacing constraint 
at any RVL location. Therefore, respacing of the existing wayside/cab signal system to be 
more “passenger train friendly” would yield little or no passenger train capacity benefit. 


Table 1 — Raritan Valley Line Signal Design Speeds 


Passenger Freight 
SBD SBD 
Signal | Distance Signal | Distance 
Design | Beyond Design | Beyond 
Signal End Location SBD Speed | 100 MPH SBD Speed | 40 MPH 
Track 1 
= = 
eee ee ee 
=a 
| ee 
a | cl CUrS 
a ll ee eee ee ee 
a | a ee eee 
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Note 1 


Note 2 


Note 3 
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Table 1 — Raritan Valley Line Signal Design Speeds 


Passenger Freight 
SBD SBD 
Signal | Distance Signal | Distance 
Design | Beyond Design | Beyond 
Signal End Location SBD Speed | 100 MPH SBD Speed | 40 MPH 
Track 2 


| 


Ma 


Hheddaae ee apse 


| 


Mah 1 


TU LU 


eT 


Note 1: Clear aspect signal control line at previous signal does not branch to a more restrictive aspect at this signal. 
Passenger train design speed requirement for Approach (previous signal at Approach Limited) is 45 mph (versus 65 mph 


provided) 


Note 2: Clear aspect signal control line at previous signal does not branch to a more restrictive aspect at this signal. 
Passenger train design speed requirement for Approach (previous signal at Approach Limited) is 45 mph (versus 70 mph 


provided) 


Note 3: Clear aspect signal control line at previous signal does not branch to a more restrictive aspect at this signal. 
Passenger train design speed requirement for Approach (previous signal at Approach Limited) is 45 mph (versus 70 mph 


provided) 


Note 4: Best aspect at R156-2 with occupancy ahead is Approach (R166-2 displays Approach Limited). Passenger train 
design speed requirement is 45 mph (versus 55 mph provided) 


Note 4 
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It should be noted that there are four signal locations shown in Table 1 that only support 75 
mph under current NJT signal design criteria (versus an 80 mph MAS). This is a common 
result of these types of analyses as design criteria have become more stringent in the 27 
years since the signal system was placed in service. 


The study team prepared a TrainOps® simulation model of actual NJ TRANSIT RVL 
operations and associated signal clearing times for the study. The signal clearing times 
define the minimum time interval between trains of identical stopping patterns on the RVL 
without the following train being delayed. As the study evaluated potential train overtake 
locations, the approximate distance that an express train must be scheduled behind a local 
train in two-track territory is a critical determinant of the minimum third track length for delay- 
free operation. 


The study team used track and signal data provided by NJ TRANSIT to provide the basis for 
the infrastructure in the simulation model. This includes milepost distances provided in the 
track data; these were measured to determine distances for right-of-way infrastructure 
including curves, grades, station platforms, and interlocking limits. The track diagram data 
was also used to determine values for degree of curvature. 


Signal control line (“route and aspect”) data provided by NJ TRANSIT was used to 
determine signal locations, signal-to-signal distances and overall signal control line 
distances for best aspect at each signal. Employee timetables were also provided to 
determine the various scheduled stopping patterns. The study team used 45 second dwell 
times at station platforms and a 7 percent schedule margin to reflect more practical train 
operating conditions. The effect of the schedule margin is to derate train performance from 
the theoretical best case such that there is an additional 7 percent run time between stations 
and while dwelling at stations. No signal relay delay time or other signal-to-signal 
communications delay time is reflected in the results. 


The preceding information was entered into the TrainOps database to simulate running 
times for each of the trip stopping patterns. By examining signal passing times and clearing 
times, the study team computed the minimum supportable headways for best aspect for 
each RVL signal in each direction for each scheduled stopping pattern. 


The simulated RVL train included one PL42AC diesel locomotive (without dual power 
capability) and seven Bombardier multi-level commuter coaches (6 trailers and 1 cab car). 
Appendix A contains the specifications for the locomotive and coaches reflected in the 
simulations. Table 24 shows locomotive physical characteristics while the underlying tractive 
effort curve for this model is shown in Table 25. Although the maximum speed of the 
locomotive is 100 mph, the simulated RVL train was limited to 80 mph, consistent with the 
NJ TRANSIT Employee Timetable speeds for the line. 


All of the simulations for the study assumed diesel performance, as opposed to “dual power” 
(electric and diesel) locomotive performance in diesel mode. NJ TRANSIT’s ALP-45DP dual 
power locomotives are capable of operating in both diesel and electrified territories, 
including the Northeast Corridor to Penn Station New York. The performance of NJ 
TRANSIT’s diesel only and “dual power” (in diesel mode) locomotives are very similar. 
Therefore, the conclusions of this study in terms of diesel locomotive-pulled trains also apply 
to “dual power’ locomotive performance should any RVL trains be operated with ALP- 
45DPs. 
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The specifications for the coaches assumed in the simulation of each RVL train consist are 
shown in Table 26. Each consist has at least one Cab Control Car (Table 27), though the 
physical characteristics for simulation purposes are virtually identical to the coaches (without 
Cab Control capabilities) used. Although the maximum speed of the coaches is 125 mph, 
the simulated RVL train was limited to 80 mph, consistent with the NJ TRANSIT Employee 
Timetable speeds for the line. 


By using 45 second dwells and 7 percent schedule margin, the study team found that the 
most constraining signal clearing time for all-stops RVL trains is about 8 minutes for best 
aspect. When the industry standard “theoretical to practical” additional clearing time factor of 
25% (1.25 multiplier) is added, this equates to a 10 minute minimum supportable train 
spacing for scheduling purposes. This is equivalent to 6 trains per hour, which is what NJ 
TRANSIT presently schedules in the peak hour (refer to Section 2.3 for information on the 6 
trains scheduled to depart Raritan eastbound between 6:19 and 7:18 a.m.) 


These times are relatively long by industry standards for commuter rail operations and 
reflect the preponderance of four-aspect, three-block control lines and relatively long signal- 
to-signal distances within the project limits. Though there are no Raritan to Newark non-stop 
trains scheduled today, this operating pattern was also tested in simulation. The results 
show signal clearing times of about 4 minutes for best aspect in each direction. This, in 
essence, represents the “best case” signal clearing times on the RVL as it exists today. 


The existing signal system minimum headway reports can be found in Appendix B. 


2.3 Operations 


Table 2 summarizes weekday and weekend operations on the RVL. The two-track territory 
from Aldene to Raritan see 25 trips each way on weekdays, including one morning peak 
“short turn” at Plainfield. 


Table 2 — RVL Service Levels (October 14, 2012 Timetable) 


Raritan — Raritan — High Bridge Plainfield — 
Eastward Newark Hoboken — Newark Newark 
Weekday 18 1 i 1 
Saturdays/Sundays/Holidays 18 0 0 0 

Newark — Hoboken — Newark — Newark — 
Westward Raritan Raritan High Bridge Plainfield 
Weekday 15 i 10° , 
Saturdays/Sundays/Holidays 18° 0 0 0 


Note 1: Six additional non-revenue trips, all operating in the evening, High Bridge to Raritan. 


Note 2: Non-Revenue Hoboken-Newark. 


Note 3: Three additional non-revenue trips, all operating in the early morning, Raritan to High Bridge. 


Note 4: Non-Revenue. 
Note 5: One additional trip on Saturdays. 


West of Raritan, the RVL extension to High Bridge sees 13 weekday round trips, including a 
mix of revenue and non-revenue (“deadhead”) passenger train movements. Eastbound 
revenue service is primarily concentrated in the morning peak; six of the 13 trips are late 
evening non-revenue moves from High Bridge to Raritan Yard. Westbound movements 
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consist of three early morning non-revenue “starts” from Raritan Yard to High Bridge and 10 
revenue movements over the course of the day, with most service concentrated in the 
evening. There is no weekend service west of Raritan. 


During peak periods, RVL service features zone express type service with some trains 
skipping some lower ridership stations. The peak period, peak direction stopping patterns 


are shown below with each black bar representing a train trip and each white dot 


representing a station stop. Scheduled times at High Bridge (where applicable), Raritan and 
Newark Penn Station are shown for each scheduled train trip immediately below the 
applicable black bar. Stations between Raritan and High Bridge are not shown in the 
diagrams as all revenue trains west of Raritan make all stops. 
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Table 3 - RVL Eastward AM Peak Stopping Pattern 


(Departing Raritan 5:30 — 9:00 AM, October 2012 Timetable) 
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Table 4— RVL Westward PM Peak Stopping Pattern 
(Departing Newark 4:00 — 7:00 PM, October 2012 Timetable) 
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Freight operations on the RVL, consisting solely of local trains, are handled by Norfolk 
Southern (NS) for customers west of Bound Brook and by Conrail Shared Assets for 
customers east of Bound Brook . The two freight railroads access the RVL from the Conrail 
Shared Assets connection at Bound Brook. Norfolk Southern serves the line several days 
per week. Conrail movements on the RVL over the last year have been rare. 


On very rare occasions, the line has accommodated detouring NS and CSX trains between 
Aldene and Bound Brook due to an unplanned outage of the Lehigh Line between these two 
points. The RVL cannot accommodate double stack container trains so only a small 
percentage of Lehigh Line freight traffic is eligible for detour. 


2.4 #£=Ridership 


Average 2012 weekday RVL boarding ridership is shown in Table 5, with a one-way RVL 
ridership total of 11,911. Newark Penn Station (where many passengers transfer to PATH 
for trips to lower Manhattan) is the largest destination with approximately 5,594 of the 
11,911 daily RVL passengers leaving the NJ TRANSIT system there. Penn Station New 
York, accessible only via transfer between NJ TRANSIT trains at Newark, is the second 
largest destination with 4,124 daily passengers. Hoboken ranks a distant third in RVL 
ridership, with 158 average weekday passengers. 
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In addition to the three large destination markets, about 2,035 of the daily RVL boarding 
passengers are destined for other locations, including stations on the line (Union Station 
being the largest destination). 


Table 5 — 2012 RVL Average Weekday 
Passenger Boardings 


Average Weekday 

Boarding Station Boardings 
Union 1,355 
Roselle Park 845 
Cranford 1,264 
Garwood 83 
Westfield 2,376 
Fanwood 974 
Netherwood 546 
Plainfield 893 
Dunellen 945 
Bound Brook 622 
Bridgewater 336 
Somerville 677 
Raritan 638 
North Branch 72 
White House 110 
Lebanon 21 
Annandale 82 
High Bridge 72 

Total 11,911 


Table 5 shows that Westfield has, by far, the highest boarding passenger volume of any 
station on the RVL. Union Station ranks second and Cranford ranks third. Union Station, 
opened in 2003, is somewhat unusual in that it is located close to major trip destinations 
including Kean University and the Schering Plough Corporation. The station, therefore 
serves as both a ridership origination and destination during the morning peak period. 


One-way Saturday ridership on the RVL totaled about 2,475 passengers per day in 2012 — 
about one quarter of weekday ridership. Sunday ridership on the RVL totaled about 1,725 
passengers per day in 2012. 


After several years of modest ridership declines (ridership having peaked in 2008) due to 
the general economic downturn and associated service cutbacks, RVL ridership between 
Union and Raritan showed strong growth in 2012. West of Raritan, ridership at North 
Branch, White House, Lebanon, Annandale, and High Bridge continued a downward trend in 
2012 due to reductions in train frequencies and elimination of some express service. 
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3 Future Conditions (No Build) 


The future “no build” scenario serves as a benchmark against which to compare the benefits 
of more ambitious “build” scenarios. The future “no build” Scenario includes only committed 
capital improvement projects and planned operational changes. 


3.1 Infrastructure 


The study team was directed to assume significant capacity improvements between the 
Aldene Connection (where the RVL meets the Conrail Lehigh Line) and Newark as part of 
the development of the future “no build’ scenario. These projects effectively eliminate most 
capacity constraints east of Aldene and this is assumed to occur prior to implementation of 
the most significant Aldene-Raritan capacity enhancements. The assumed capital projects 
east of Aldene include some combination of the following projects: 


e Double track Aldene connection between the RVL and the Conrail Shared Assets 
Lehigh Line, 


e Lehigh Line capacity improvements including additional main trackage between CP- 
Newark (formerly “NK”) and Aldene (a third track; NJ TRANSIT and its freight 
partners have discussed the possibility of a partial or full fourth track as well), 


e Hunter Flyover, providing grade-separated access from the RVL Hunter Connection 
to NEC Track 1, 


e Westbound Newark-Waterfront Connection to eliminate at-grade conflicts at the east 
end of Newark Penn Station (Dock Interlocking) associated with the use of Hudson 
Yard and the Hudson Pocket Track for turning RVL trains. 


It should be noted that modest RVL service expansions may be feasible without the above 
capacity improvements east of Aldene. As NJ TRANSIT develops an RVL Master Plan, the 
interrelationship of capacity enhancements east and west of Aldene must be carefully 
assessed in terms of supportable service increases. Recent NJ TRANSIT studies have 
investigated the feasibility of three different RVL service expansions on the west end — west 
of High Bridge, a branch to Flemington and an extensive service expansion via the CSX 
Trenton Line to West Trenton. In terms of overall RVL capacity, these three service 
expansions are mutually exclusive due to limited available train operating slots between 
Cranford and Newark (east of the central segment of the RVL). The future “no build” 
scenario of the RVL Capacity Expansion Study did not assume that any of these three 
projects would be operational. As was noted in the study’s Executive Summary, additional 
capacity (including possibly a new third track) will likely be required in the RVL central 
segment between Cranford and Raritan to support future service demands resulting from 
service expansion to the west. 


No specific RVL station projects, resignaling or track reconfiguration projects are assumed 
as part of the study’s future “no build” scenario. 


It is recognized that additional yard capacity at the western end of the RVL will be required 
to support future service growth. No specific yard projects are assumed as part of the future 
“no build” scenario. The future scenarios — both “no build” and “build” — were not specifically 
constrained by yard capacity. 
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3.2 Operations 
No changes in RVL operations are assumed in the future “no build” scenario. 


3.3 Ridership 


NJ TRANSIT provided representative future (2020) morning peak RVL ridership, sub-divided 
into groups of adjacent stations -- West of Raritan, Raritan to Dunellen, Plainfield-Westfield 
and Garwood-Union, shown in Table 6. While the forecasts are based on the two-hour 
morning peak period, the future ridership increases, in percentage terms, can also be 
applied to the traditional four-hour morning peak period. The base forecast reflects RVL 
2010 operations, prior to the recent service cuts. 


NJ TRANSIT Ridership Forecasters have noted that the RVL ridership, while constrained by 
lack of housing growth along the RVL, is increasingly focused on Newark and New York 
destinations. In essence, NJ TRANSIT has noted the trend of ridership substitution, with 
home turnover (resulting from retirements and occupants moving out of the area) along the 
line yielding a higher percentage of New York/Newark commuters than in the past. This is 
largely driven by relatively affordable home prices along the inner zones of RVL and 
relatively short commutation times from those stations to higher income positions in Newark 
and Manhattan. 


Table 6 - NJ TRANSIT RVL Representative Future Ridership 


Forecasts 
Representative Future 
7-9 AM Ridership Forecast 
Peak Period Riders (Percent Change 
Base 2010 (Estimated) Versus Base) 


West of Raritan 
Raritan-Dunellen 
Plainfield-Westfield 
Garwood-Union 
TOTAL RVL 


The future forecast with added service is based on restoration of the 2010 service cuts, 
essentially reverting to 2008 service levels, but then also adding service to Hoboken (3-4 
trains in the two-hour morning peak period) with more express service and to Newark (2 
trains in the two-hour morning peak period). 


The NJ TRANSIT ridership forecasts show that RVL train capacity expansion should be able 
to accommodate most of the forecast growth over the next seven years. While NJ TRANSIT 
is already operating the maximum supportable peak hour train volume of 6 trains per hour 
(refer to Section 2.3), existing RVL trains can be expanded to 8 Multilevel coaches with a 
capacity of about 1000 passengers. Assuming uniform ridership over the entire morning 
peak hour, this represents a capacity expansion of 31 percent versus the current RVL train 
capacity offered with nine 6-car and one 7-car trainsets (in reality, RVL ridership is not 
uniformly distributed over the peak hour and a 31 percent boost in passenger capacity can 
only be achieved with some “peak of the peak” train overcrowding). Capacity growth beyond 
this level will require additional peak period trips which will require some of the capacity 
expansion projects identified in this study. 
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4 Future Operating Concepts 


The study team worked with NUT Rail Service Planning to develop future operating concepts 
for the RVL. These concepts include combinations of zone service (without overtakes) and 
express service (with the possibility of overtaking local service). Each operating concept 
provides benefits in terms of reducing trip times during peak periods when ridership is 
highest. 


The future operating concepts feature modest growth in train trips, recognizing that 
significant RVL capacity growth can be achieved by lengthening existing trains. For this 
study, peak period, peak direction growth was capped at two trains per peak period. 


4.1 Express Service 


Express service signifies RVL peak direction peak period trains skipping some stations 
between Aldene and Raritan. Express service can operate on the same track as local trains 
(requiring larger intervals between trains at endpoints) or using a new express (third) track. 
The use of a new express track for delay-free overtakes of local trains requires some 13 
minutes of travel time difference between the express train and the local train. The 13 
minutes are comprised of: 


e Minimum future signal system headway — express train following local train (before 
overtake): 6 minutes, 


e Interlocking route establishment time to reset route for express train after passage of 
local train at start of express track: 0.5 minutes, 


e Interlocking route establishment time to reset route for local train after passage of 
express train at end of express track: 0.5 minutes, and 


e Minimum future signal system headway — local train following express train (after 
overtake): 6 minutes. 


On the RVL, the typical travel time penalty for a station stop (versus operating non-stop 
through the station) is about 2.5 minutes. This includes time lost decelerating, the actual 
station stop and time lost accelerating back to speed. Given the desire for a 13 minute travel 
time difference, this implies that the express track would bypass five or more RVL stations to 
ensure delay-free overtakes. It should be noted that these computations do not provide any 
allowance for operating variability in the express train or the train being overtaken. 


The concept of express train overtakes presented above “locks” the schedules of the 
express train and the local train being overtaken for their entire trip. With many capacity- 
constrained rail segments east of Aldene (including the Aldene Connection, the Lehigh Line, 
the Hunter Connection, the Northeast Corridor between Hunter and Newark, Newark Penn 
Station and Dock Interlocking east of Newark), express train overtakes constrain the ability 
of schedulers to individually adjust the express and local train schedules. This makes 
scheduling solutions to these capacity-constrained segments of the NJ TRANSIT network 
more difficult to implement. 


4.2 Zone Service 


Zone service signifies following trains on the same track with different stopping patterns. 
Because of time penalties associated with acceleration and deceleration, it is generally 
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desirable to cluster station stops, rather than operate a “skip stop” type service where trains 
skip some stations, alternating skipped stations with served stations. 


Zone service requires less precise operation than an express-local overtake. Depending on 
the pattern of station stops and scheduled dispatch times of the trains, zone service may 
allow closer scheduled headways (without signal delay) than conventional all-stops service. 


4.3 Increased Maximum Speed Service 


The study team analyzed alternative future RVL signal systems that would support 100 mph 
instead of retention of the current 80 mph maximum speed in the study’s future scenarios. 
Although full conceptual design for 100 mph signaling was not performed, the study team’s 
analysis found that the capacity loss of 100 mph express trains and local trains sharing 
tracks at any point on the RVL between Raritan and Aldene would be too great to support 
any increase in train frequency. 


NJ TRANSIT signal design criteria call for minimum train spacing of about 6100 feet to 
support 80 mph operation (in practice, the minimum spacing is greater because of 
inefficiencies in the layout of the fixed block systems). For 100 mph operation, this increases 
to about 8250 feet. The study team’s 80 mph conceptual cab/no wayside signal design with 
aggressive signal hardware requirements (block lengths averaging about 1700 feet or more 
than three times the number of signal locations presently in service on the RVL) produced a 
minimum theoretical headway for local trains of about 6 minutes or 10 trains per hour. 
Derating this figure by the standard “theoretical to practical” conversion factor of 25 percent 
yields a future practical capacity of 7.5 trains per hour for an 80 mph design speed. This 
figure does not reflect additional capacity losses related to trains with different stopping 
patterns/average speeds (express versus local) operating on the same track. 


With 100 mph express train operation and some shared track usage between Raritan and 
Cranford, the 7.5 trains per hour would be reduced by: 


e Express trains needing additional scheduled spacing at some locations on the line 
in order to close in on local trains operating on the same track (because the express 
trains have higher average speeds than the local trains), 

e Minimum train spacing of 8250 feet versus 6100 feet, an increase of about 35 
percent (which is directly proportional to increased minimum headways and 
decreased line capacity). 


The study team found that support for 100 mph express trains on the same tracks as local 
trains at any point on the RVL would reduce line capacity to between 3 and 4 trains per 
hour, with no possibility of higher capacity operations except for construction of a continuous 
express (third) track for the entire Raritan-Aldene length. The resultant capacity was 
deemed too low to support future RVL growth and, therefore, 100 mph design speeds are 
not reflected in any of the study’s scenarios. 
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5 Future Infrastructure Concepts 


The study team investigated three types of RVL Capacity Expansion infrastructure 
improvements: 


e Higher capacity signaling, 
e Express (third) track, 


e Turnback tracks located off of the mainline. 


5.1 Higher Capacity Signaling 
The study team developed a conceptual higher capacity signaling system using five cab 
signal aspects. This system complies with NORAC Rule 562 (“Movements in Territory 
Where Cab Signals are Used Without Fixed Automatic Block Signals”) and features cab 
signal aspects for Maximum Speed, 60 mph, 45 mph, 30 mph and Restricted Speed. The 
maximum design speed for passenger trains is 80 mph, consistent with the current top 
speed on the RVL. The conceptual cab/no wayside design was applied to all study 
scenarios. For those scenarios with new interlockings (See below), the design was subject to 
minor adjustments so that signal locations coincide with interlocking limits. 


The design was completed in compliance with NJ TRANSIT signal design safe braking 
distance standards for passenger trains. The design features 73 new cab-signal-only 
“master locations”, each of which feed two tracks. The design has an average circuit length 
of about 1700 feet. Although there are variations due to grade and signal spacing, the 
control line design generally provides for: 


e Track circuit being entered clear — Restricted Speed, 

e Track circuit being entered clear plus 1 circuit clear — 30 mph cab signal aspect, 
e Track circuit being entered clear plus 2 circuits clear — 45 mph cab signal aspect, 
e Track circuit being entered clear plus 3 circuits clear — 60 mph cab signal aspect, 


e Track circuit being entered clear plus 5 circuits clear — Maximum Speed cab signal 
aspect. 


It should be noted that the minimum block length for the RVL concept design is shorter than 
the comparable block length on the NEC. This is because the minimum block length on the 
NEC is based on 15 mph to stop signal design safe braking for freight trains equipped with 
the Locomotive Speed Limited (LSL) system. The NJ TRANSIT signal design freight braking 
distances are shorter than those required under Amtrak signal design criteria. 


While the concept design for RVL Higher Capacity Signaling is based on an 80 mph design 
speed, the location of the signal blocks would accommodate modification of the system to 
support 100 mph passenger train operation in the future. In general, control lines would 
need to be extended by two additional blocks (about 3400 feet in total), with the two new 
intermediate locations provided with NJT’s 80 mph cab signal aspect. 


Appendix C includes the conceptual higher capacity signal design as applied to Scenario 1. 
The designs for the other scenarios are virtually the same, except for interlocking locations 
related to the third (express) track (Scenarios 2 and 3) and turnback locations (Scenario 4). 
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5.2 Third (Express) Track 


The study team identified constraints along the ROW that may preclude the addition of a 
third track, shown in Appendix D. The significant investments made by NJ TRANSIT at 
Plainfield and Westfield Stations in the form of station improvements and high level 
platforms are reflected in this analysis. The study team also endeavored to avoid scenarios 
with third track at highway/rail at-grade crossings (refer to Section 2.1). The assessment of 
the feasibility of adding a third track looked, individually, at each side of the two-track RVL. 
For each side, the team rated third track feasibility in terms of: 


e Minimal complexity (color-coded in blue), 

e Moderate complexity (color-coded in green), 

e Average complexity (color-coded in yellow),, 

e Significant complexity (color-coded in magenta), and 


e Greatest complexity (color-coded in red). 


The scope of the study did not include a detailed assessment of the extent to which buried 
fiber optic lines, signal power, communications and vital signal cables would need to be 
relocated to support a new third (express) track. It is clear that significant cable relocation 
would be required; the study’s capital cost estimates include generic provisions for such 
relocations without benefit of a comprehensive corridor utility and sub-surface cable survey 
that will need to be performed as part of the subsequent design effort. 


With the exception of the unusual configuration at Cranford, Appendix C shows existing low 
level platforms rated as average complexity (yellow) in supporting a new third track. This is 
because the low level platforms are built on the trackbeds of the former outer (“local”) tracks 
and will need to be reconstructed should an express track be inserted in the middle (forcing 
the relocation of one of the current local tracks outward to occupy the former local trackbed). 
At Cranford, the Aldene Plan platforms remain, with a full four trackbeds between the low 
level platforms. The insertion of a new express track in the middle at Cranford would be 
relatively straight-forward as a result. 


The two high level platforms on the line — at Plainfield and Westfield — are color-coded red 
(for “greatest complexity”). Constructing a third track through these locations will involve 
design and construction challenges requiring additional consideration if no less complex 
alternatives are identified. This is because of the need to demolish and reconstruct one or 
both of the recently-constructed high level platforms at each of these stations, where the 
high level platforms are located on the former outer (“local”) trackbed. 


At Dunellen, at the east end of Bound Brook and at the west end of Raritan, the two-track 
RVL has been relocated to occupy the two northern trackbeds of the four historical 
trackbeds. Therefore, expansion to the north would be extremely difficult and expensive. 
However, expansion to the south would be relatively straight-forward. Alternatively, the two 
existing tracks could be relocated to the middle trackbeds at these three locations, freeing 
up a trackbed on the north side. This is particularly true at Dunellen, where three 
undergrade bridges in the vicinity of the passenger station (Washington Ave, Prospect Ave 
and Madison Ave) govern the track alignment. 
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The recently-rehabilitated Ambrose Brook undergrade bridge at Milepost 28.77 does not 
alter the complexity of adding a new track on the north side, as the two existing RVL tracks 
use the two northern-most bays. This is the reason for the red color-coding between 
Milepost 28.7 and 29.9 on the north side. The south side of the RVL at this location poses 
little complexity in adding a new track, as shown in Appendix C. 


At Milepost 31.15, there is a two-track undergrade bridge that spans Middle Brook, just east 
of Interstate 287. The bridge spans from the former four-track RVL configuration have been 
removed at this location. Therefore, there would be some expense in adding a track here — 
either north or south of the existing two tracks. This segment of the RVL is color-coded 
yellow in the Appendix D graphics. 


FAST 


L PLATFORM 


Figure 1 — Two alternative Plainfield Station cross-sections with third express track, 
showing three track access (top) and outside track only access (bottom). 


Through an iterative process with the operations planning work, the study team investigated 
RVL corridor locations that would have the potential ability to accept a third track. Scenarios 
were developed that reflect the physical characteristics of the area including civil items, 
engineering considerations, presence of utilities, and the relationship to adjacent 
communities and environmentally sensitive areas (refer to Section 7). Careful attention was 
paid to station areas, such as Plainfield Station shown in Figure 1, because platform 
requirements also pose the greatest constraint in terms of expanding the number of tracks 
while staying within the NJ TRANSIT right of way. These assessments are based on 
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information from NJ TRANSIT, including rail GIS base mapping data and LIDAR survey 
data. 


Sketch plans were developed at a scale of 1” = 40’ indicating the locations of the proposed 
infrastructure improvements. These working level planning diagrams, shown in Appendix E, 
Appendix F and Appendix G, depict changes to the existing track alignment, station 
platforms, walkways, bridges, signals, instrument houses, utilities and other infrastructure 
elements. 


Interlockings defining the limits of the third (express) track use #32.75 turnout geometry, with 
all movements (straight on the local tracks or diverging to the express track) rated for 80 
mph for passenger trains. 


With Westfield ridership significantly higher than those at other RVL stations (refer to 
Section 2.4), the study team focused on platform access for all three tracks at this location 
should an express track pass through the station. While the station had four tracks 
historically (refer to the 1912 drawing shown in Figure 2), the design solutions identified by 
the study team involve complex construction and total replacement of the recently- 
constructed high level platforms at this station. Figure 3 shows a plan view of a three-track 
concept for Westfield with platform access on all three tracks. The existing south side high 
level platform is retained with a new 24 foot wide center island platform built to the north. 
The 24 foot wide center island platform is a more aggressive approach than the 26 foot 
minimum width called for in the NJ TRANSIT design standards. Using 13 foot track centers 
(an aggressive approach that provides tighter track centers than the 14 foot minimum NJ 
TRANSIT criteria for new construction), Figure 4 shows that the resultant station encroaches 
into the historic station building on the north side by about 5 feet. 


The study team also investigated an alternative to the Figure 3 design solution that places 
the island platform between the two southern tracks, with a side platform on the north side, 
shifting tracks and platforms to avoid conflicts with the historic structures on north and south. 
This design solution was found to be geometrically feasible at a concept level (including use 
of existing bridge spans east and west of the station) but has the following drawbacks: 


e The normally eastbound local track would have permanent 50 mph speed restrictions 
east and west of the station in order to make “S” curve transitions from the bridge 
spans to the platform trackway (the other two track would retain their 80 mph 
maximum operating speed), 

e The recently-constructed side platforms on both north and south would need to be 
demolished, with the new north side platform about 13 feet farther north than its 
current location, 

e The recently-constructed elevators and pedestrian subway would need to be 
demolished and reconstructed. 


Given these complexities, the study team did not advance future scenarios with three tracks 
through Westfield. 
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Figure 2 —NJ TRANSIT archives drawing showing 1912 plan and profile for Westfield Station with four- 


track configuration between eastbound and westbound local platforms. 
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Figure 3 — Plan view of potential Westfield track and slatform éannhaucation with new north side third 


track and platform access for all three tracks. 
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Figure 4 — Profile of potential Westfield track and platform configuration with new north side third track 
and platform access for all three tracks. Note that the new third track encroaches on the historic building 
on the north side (left side of the profile). 


5.3 Turnback Tracks 


Turnback tracks allow trains to terminate and change direction without occupying main track. 
While the RVL presently has one mainline turnback train (Train 5902, originating at 
Plainfield), its use of a main track for such an operation can exacerbate delays when 
operations are disrupted. In the recent past, NJ TRANSIT has scheduled more than one 
RVL turnback during peak periods with the change of direction occurring on the mainline. 


Turnback tracks, which are short sections of third main track connected to the mainline with 
an interlocking, allow trains to terminate/originate at locations other than terminals and yards 
while supporting high reliability. “Short turning” trains at turnback locations (either mainline 
or off the mainline) can help to control operating costs and reduce rolling stock requirements 
by targeting service at the highest ridership segments of a line. NJ TRANSIT presently has 
such a turnback track at South Amboy on the North Jersey Coast Line; the third (Gladstone 
Branch) track at Summit serves a similar function. 


The study team developed concepts for three turnback locations where westbound trains 
can terminate and eastbound trains can originate off of the main line. The three locations 
are Westfield, Plainfield and Bound Brook. Selection of the locations was driven by the 
availability of ROW for the turnback as well as service planning considerations in terms of 
locations that represent a strong ridership “break point” (strong eastbound boarding volumes 
and strong westbound alighting volumes immediately to the east of the turnback). 


In the cases of Westfield and Plainfield, local site conditions also support turnouts from the 
turnback track to the mainline at the western end of the turnback track. While these 
connections would not normally be used by revenue trains, they would allow an originating 
train trip to be fed from Raritan Yard or a terminating train trip to operate as non-revenue trip 
to the yard (after allowing through revenue trains to pass by). 


All turnback tracks are designed for a minimum 900 foot train length (between points of 
switch and 50 foot wayside signal setbacks there from). This supports a nine-car plus 
locomotive push-pull train in the pocket with 25 feet of signal preview distance on each end. 
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5.3.1. Westtield 


This concept design features a turnback track between the two mainline RVL tracks with a 
walkway adjacent to the turnback track. The walkway enables the train engineer to change 
ends while walking adjacent to the train and without fouling the adjacent mainline track. The 
concept design features #20 lateral turnouts from the mainline, along with a #10 equilateral 
where the two turnout leads converge to form the turnback or “pocket” track. The RVL 
mainline tracks are realigned with gentle “S” curves to pass outside of the center turnback 
track, with the mainline curves designed to 80 mph passenger train standards. This 
configuration is duplicated on both east and west ends of the turnback track, allowing use of 
the track to turn trains in either direction or to “pocket” a freight or MOW train, 


The maximum passenger train operating speed through the turnouts and on the turnback 
track will be 45 mph, though signal design safe braking distance considerations will produce 
a 30 mph entering speed when the leaving signal at the other end of the turnback track is at 
stop. Based on NJ TRANSIT passenger train signal design safe braking distance criteria, 
the cab signal will drop to Restricting in this situation as soon as the train enters the 
turnback track itself (exits the entering interlocking). Trains departing the turnback will 
receive 45 mph cab signal aspects and a Limited Clear wayside aspect under normal 
operations. 


The Westfield Turnback Track concept design calls for the track to be located west of the 
station, bounded by Crossway Place undergrade bridges on the west and Westfield Avenue 
on the east. The existing four track undergrade spans at Tuttle Parkway are used to support 
the turnback track and associated crew walkway. 


5.3.2 Plainfield 


The Plainfield Turnback Track is identical in configuration to the Westfield Turnback Track. It 
is bounded on the west by the Plainfield Avenue (Route 28) undergrade bridge and on the 
east by the Park Avenue (County Road 531) undergrade bridge (which is located 
immediately west of the Plainfield Station platforms). The Plainfield Turnback Track and 
associated walkway use the following undergrade bridges, all of which retain their former 
four-track span configurations: 


e Liberty Street, 
e New Street, 
e Central Avenue, and 


e Madison Avenue. 


None of the shortlisted scenarios presented in this report include the Plainfield Turnback 
Track. The conceptual engineering drawings for this improvement are contained in Appendix 
H rather than in the scenario-specific alignment drawings presented in other appendices. 


5.3.3 Bound Brook 


The Bound Brook Turnback Track utilizes a portion of the existing connection between the 
Conrail Shared Assets Lehigh Line and the RVL in Bound Brook. While this track is actively 
used by freight trains, such movements occur almost exclusively outside of peak periods. 
Therefore, the study team believes that the RVL-Lehigh Line Connecting Track can be used 
both for RVL freight access and to support peak period RVL turnback operations, given the 
distinct time-of-day differences in these two types of train movements. 
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This proposed turnback location reconstructs the normally eastbound Bound Brook side 
platform as an island platform between the normally eastbound RVL and a new south side 
turnback location. The actual train turnback location would be at a platform edge, eliminating 
the need for a walkway for the train crew to change ends. 


The existing left hand and right hand main-to-main RVL crossovers at Brook Interlocking 
would remain. The left hand turnout to the Lehigh Line connection would be reconfigured as 
a long #15 crossover. The new south side station track would continue to provide access to 
the three freight car storage tracks located west of the station and south of the RVL 
mainline. 


Due to the #15 geometry, passenger trains would be limited to 30 mph leaving the Bound 
Brook Turnback. Trains entering the turnback would be limited to 30 mph through Brook 
Interlocking, with their cab signal dropping to Restricting once through the interlocking limits. 
An “End of Circuit” sign would be placed at the west end of the new station track; access to 
the freight car storage tracks to the west would continue to be via uncircuited hand-throw 
switches. 
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6 Future Operations/infrastructure Scenarios 


6.1 Scenario 1 (80 MPH MAS, Five Aspect Cab/No Wayside System) 


Scenario 1 features only the High Capacity Signal System capital improvement, without any 
third (express) track or turnback tracks. Scenario 1 has no programmed overtakes but adds 
two peak period peak direction trips (two eastbound trips in the morning, two westbound 
trips in the evening). The eastbound (peak direction) morning peak period operating pattern 
is shown in Table 7 while the westbound (peak direction) evening peak period pattern is 
shown in Table 8. 


Table 7 - RVL Eastward AM Peak Stopping Pattern 
(Departing Raritan 5:30 — 9:00 AM, Future Scenario 1) 
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Table 8 — RVL Westward PM Peak Stopping Pattern 
(Departing Newark 4:00 — 7:00 PM, Future Scenario 1) 
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6.2 Scenario 2 (80 MPH MAS, 3 Track West of Westfield to Queen) 


Scenario 2 builds on Scenario 1 with both the High Capacity Signal System and a new 
center third (express) track that passes through the Netherwood and Fanwood Stations. The 
new express track is constructed in the trackbed of the present westbound track, with a new 
westbound local track constructed to the north. New trackage to the north avoids impacts to 
the historic station structures at Netherwood and Fanwood, both located on the south side of 
the RVL. 


Scenario 2 includes two new peak period peak direction trips making only Westfield and 
Raritan Station stops within the study territory. The Scenario 2 operating pattern for morning 
peak period operation is shown in Table 9 while the corresponding evening peak period 
operation is shown in Table 10. The red segments in the two tables represent use of the 
third (express) track. 
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Table 9 - RVL Eastward AM Peak Stopping Pattern 
(Departing Raritan 5:30 — 9:00 AM, Future Scenario 2) 
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Table 10 - RVL Westward PM Peak Stopping Pattern 
(Departing Newark 4:00 — 7:00 PM, Future Scenario 2) 
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6.3 Scenario 3 (80 MPH MAS, 3 Track West of Westfield to West of 
Plainfield) 


Scenario 3 builds on Scenario 2 with both the High Capacity Signal System and a longer 
center third (express) track that passes through the Plainfield, Netherwood and Fanwood 
Stations. As with Scenario 2, the new express track is constructed in the trackbed of the 
present westbound track, with a new westbound local track constructed to the north. New 
trackage to the north avoids impacts to the historic station structures at Plainfield, 
Netherwood and Fanwood, all located on the south side of the RVL. 


As with Scenario 2, Scenario 3 includes two new peak period peak direction trips making 
only Westfield and Raritan Station stops within the study territory. The Scenario 3 operating 
pattern for morning peak period operation is shown in Table 11 while the corresponding 
evening peak period operation is shown in Table 12. The red segments in the two tables 
represent use of the third (express) track. 
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Table 11 - RVL Eastward AM Peak Stopping Pattern 
(Departing Raritan 5:30 — 9:00 AM, Future Scenario 3) 
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Table 12 - RVL Westward PM Peak Stopping Pattern 
(Departing Newark 4:00 — 7:00 PM, Future Scenario 3) 
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6.4 Scenario 4 (80 MPH MAS, Westfield Pocket, Bound Brook 34 
Track) 


Scenario 4 represents an alternative approach to Scenarios 2 and 3, with new zone service 
rather than new express track and associated express trains. As with all scenarios, it 
includes a new high capacity cab/no wayside signal system with five aspects. It features a 
new Westfield Center Turnback track and a new third station track for train turning at Bound 
Brook. During the “peak of the peak”, this layout effectively allows three service zones — 
Union to Westfield, Westfield to Bound Brook and Bound Brook to Raritan (with many trains 
extended to High Bridge. The Scenario 4 operating pattern for morning peak period 
operation is shown in Table 13 while the corresponding evening peak period operation is 
shown in Table 14. There is no third (express) track in Scenario 4 so no color-coding is 


used. 
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Table 13 - RVL Eastward AM Peak Stopping Pattern 
(Departing Raritan 5:30 — 9:00 AM, Future Scenario 4) 


~ Ss 

CA LS O° fea ~ -O 

oy © £ oOo i) os Ss 
2 SESE SESE RREE 

wu FF SFESEESFEEEESE SF 

S52 F FE PFS ESE EEC EEEES 

= Cee egress esadocesese 

5:54 6:55 

5:52 6:21 7:02 

6:48 7:14 

5416 feeecececeecece = le 
6:26 7:19 

6:14 6:43 7:24 

7:10 7:38 

5420 jee 6~eeoeeeem ll 
6:52 7:43 

5904 Oh Oe Oe! 
7:01 8:00 

16 Ce) 
6:38 7:07 7:48 

5422 jee eeeees e' 
7:14 8:05 

1 Ce) 
7:00 7:29 8:10 

5906 (jemememenene) 
7:56 8:24 

5426 jee eeeerens  -e 
7:38 8:29 

20 Ce) 
7:24 7:53 8:34 

5908 [oe eo e| 
8:20 8:45 

5600 je eeeeeo ee 
8:08 8:50 

24 Ce ee 
7:44 8:13 8:55 

5428 [omen eneiemetene renee nemene) 
8:45 9:46 

Raritan Valley Line Capacity Expansion Study February 2013 


Page 37 of 177 


Table 14 —- RVL Westward PM Peak Stopping Pattern 
(Departing Newark 4:00 — 7:00 PM, Future Scenario 4) 
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7 Environmental Constraints 


A “preliminary”, first-cut screening of potential environmental issues for the transportation, 
social, built, and natural environment was performed along the area of the RVL under study 
(Aldene to Raritan). Coordination with the NJ TRANSIT Office of Local Government and 
Community Affairs was conducted to assist in identifying at a high level potential community 
issues for consideration in the environmental screening. Issues evaluated in the screening 
included: 


e Land Use / Neighborhood Character — |dentification of where the proposed project 
bisects areas that function as neighborhoods and adjacency issues between new 
track and existing uses. 


e Land Acquisitions and Displacements — The extent of land acquisition required and 
type and number of displacements required. 


e Consistency with Local Plans — Consideration of local and regional plans in the study 
area, including future transit and freight plans. 


e Socio-Economics/Environmental Justice — The extent of impacts on low-income or 
minority areas. 


e Transportation — \dentification of impacts that would occur from each alternative on 
traffic patterns and passenger and freight rail services, with particular attention to any 
issues associated with at-grade rail crossings. 


e Noise and Vibration — Using the screening distances identified in the FTA guidance 
manual, estimation for the proposed project of the number of impacted sensitive 
resources. 


e Hazardous Materials — Number, extent, and locations of potential involvement with 
contaminated parcels or buildings. 


e Parklands and Farmlands — Potential for proposed project to impact existing or 
planned parklands, farms or open space, with particular emphasis on identification of 
any impacts to green acres sites. 


e Ecology — Presence of any impact to wetlands, streams, and environmentally 
sensitive areas. 


e Floodplains — Proximity to or extent of location within the 100-year floodplain. 


e Cultural Resources — Extent of impact to listed, eligible, or potentially eligible historic 
buildings or subsurface areas noted as having potential archeological resources; 
consideration to be given to issues associated with the RVL designation as a historic 
corridor by the NJ SHPO. 


7.1 Current Environmental Conditions 


The project area was screened to identify environmental constraints within the project area 
and to determine if there are any areas of concern. The four scenarios developed as part of 
this study were examined in order to identify the potential environmental constraints and 
probable land use permits NJ TRANSIT may anticipate prior to construction. The New 
Jersey Department of Environmental Protection (NJDEP) will be the primary regulatory 
agency governing natural resource land use activities. 
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Existing geographic information systems (GIS) natural resource mapping and aerial 
photography of the proposed project corridor was reviewed to identify the aforementioned 
environmental constraints adjacent to and within the project corridor. Sources included the 
NJDEP 2007 ortho-aerial photography and 2007 NJDEP Land Use freshwater and linear 
wetland mapping. 


Floodplains throughout the project corridor were identified using the Federal Emergency 
Management Agency (FEMA) Flood Insurance Rate Program, GIS, Q3 Flood Data. FEMA 
Flood Insurance Rate Maps (FIRM) were additionally used in identifying floodplains 
throughout the project corridor. The 100-year floodplain limits shown are from the current 
NJDEP State Adopted Study for the Raritan River. NJDEP has not yet revised its documents 
to reflect the recent improvements by the US Army Corps of Engineers to the lower Middle 
Brook, Green Brook and Raritan River floodplains. Until the NJDEP has updated its flood 
mapping, it is not clear to what extent (if any), the recent improvements remove NJ 
TRANSIT’s property from the 100-year floodplain. 


The NJDEP Known Contaminated Sites List GIS information was reviewed in order to 
identify any potential hazardous sites adjacent to the study corridor. Hazardous materials 
may be anticipated at any location with a history of use or creation of hazardous materials 
where project-related excavation could occur. However, known past history is not always an 
indicator of the presence of hazardous materials. Pollutants may have migrated through 
groundwater and unreported or unintended deposition of hazardous materials may have 
occurred along the project corridor. 


The above information was compiled and presented on the project aerial base mapping 
which may be found in Appendix I. 


7.2 Discussion of Potential Permits 


A Freshwater Wetland (FWW) permit and Transition Area Wavier would be required for 
encroachment into freshwater wetland areas or their transition areas. The state protects 
wetlands and transition areas under the New Jersey Freshwater Wetlands Protection Act 
(N.J.S.A. 13:9B). After wetland delineations are performed along the project corridor, an 
application to the NJDEP should be made for a Letter of Interpretation (LOI) to verify the 
delineated wetland boundaries. The LOI, once issued, will serve as a legal document 
verifying the wetland boundaries for a period of five years. It will also classify the wetlands 
within the project area according to their resource value. The resource value classification 
assigns a regulated transition area of 50 or 150 ft. as previously mentioned. 


Wetland complexes are designated a resource value classification depending on the value 
and function the wetland demonstrates, i.e. the threatened and endangered species that the 
area may be habitat for and the trout production status of the surface water the wetland may 
be associated with. “Exceptional” resource value wetlands are designated a 150 foot 
transition area buffer and “Intermediate” resource value wetlands receive a 50 foot transition 
area buffer. Wetlands that are of “Ordinary” resource value have no transition area buffer. 
Wetland mitigation would need to be performed within the same U.S. Geologic Survey 
designated HUC 11 watershed or within the same Watershed Management area. The area 
of land required for mitigating for lost wetlands is generally calculated through a ratio of 2:1 
to as high as 4:1, i.e. creating 2 to 4 acres of wetland for every one acre destroyed. 
Mitigation ratios may depend upon the severity of the impact to the wetland, size of the 
wetland and the resource value classification. 
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A Flood Hazard Area (FHA) permit from NJDEP will be required for any work occurring in 
associated floodplains or riparian areas. If any unmapped regulated streams or linear 
wetlands are identified within the area of disturbance, and has a drainage area greater than 
50 acres, including a definable bed and bank, than a Flood Hazard Area may be required. 
Riparian area mitigation would be required to mitigate losses caused by any permitted 
disturbance. 


An NJDEP water quality certificate may need to be obtained and endangered / threatened / 
priority species surveys or mitigation efforts may be required from the U.S. Fish and Wildlife 
and/or NJDEP Natural Heritage Program. 


A New Jersey No Net Loss Reforestation plan may need to be prepared if more than one 
half acre of deforestation is planned along the project corridor. 


7.3 Preliminary Screening of Scenarios 


7.3.1. Scenario 1 


Scenario 1 has no natural resource impacts or potential regulatory permit requirements as 
this scenario involves changes to the signal system only. 


7.3.2 Scenario 2 (Sheets 27 - 34, 40, and 41) 


Scenario 2 begins in the City of Plainfield, Union County, and travels east into Fanwood 
Borough, the Township of Scotch Plains, the Town of Westfield, the Township of Cranford, 
and Roselle Park Borough where it makes the connection with the Lehigh Valley right-of- 
way. 


A Flood Hazard Area and Wetland Transition Area permit may be required for project 
impacts associated with an un-mapped stream/linear wetland that runs parallel to the right- 
of-way at approximately Milepost 21. Floodplains associated with the Green Brook, Cedar 
Brook, and Ash Brook (Freshwater, Non-Trout = FW2-NT) exist adjacent to the right-of-way. 


Known contaminated sites exist adjacent to the project right-of-way. Further investigation of 
these identified sites is recommended. 


7.3.3 Scenario 3 (Sheets 24 - 34, 40, and 41) 


Scenario 3 begins in the City of Plainfield, Union County, and travels east into Fanwood 
Borough, the Township of Scotch Plains, the Town of Westfield, the Township of Cranford, 
and Roselle Park Borough where it makes the connection with the Lehigh Valley right-of- 
way. 


A Flood Hazard Area and Wetland Transition Area permit may be required for project 
impacts associated with an un-mapped stream/linear wetland that runs parallel to the right- 
of-way at approximately Milepost 21. Floodplains associated with the Cedar Brook and Ash 
Brook (Freshwater, Non-Trout = FW2-NT) exist adjacent to the right-of-way. 


Known contaminated sites exist adjacent to the project right-of-way. Further investigation of 
these identified sites is recommended. 


Raritan Valley Line Capacity Expansion Study February 2013 
Page 41 of 177 


7.3.4 Scenario 4 (Sheets 12-14 and 32-34) 


Scenario 4 impacts two areas, one in Bound Brook Borough (Somerset County) and the 
other in the Town of Westfield (Union County). 


A Flood Hazard Area and Wetland Transition Area permit may be required for project 
impacts associated with the Raritan River (FW2-NT), and Green Brook (FW2-NT). These 


waterbodies either cross or are adjacent to the project right-of-way. 


Known contaminated sites exist adjacent to the project right-of-way. Further investigation of 


these identified sites is recommended. 


Table 15 identifies the potential permits that may be required for the proposed project. 


Table 15 — Potential Environmental Constraints 


Flood Hazard Area Freshwater Wetlands Hazardous 
Scenarios Permit Permit Waste Sites 
Scenario 1 
Scenario 2 v Y Y 
Scenario 3 v v v 
Scenario 4 v Y Y 
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8 Capital Cost Estimates 


8.1 Overall Approach and Assumptions 


Capital costs were developed for the four scenarios evaluated in the study. They reflect the 
Standard Cost Categories (SCC) implemented by the Federal Transit Administration (FTA) 
to establish a consistent format for the reporting, estimating, and managing of capital costs 


for projects. 


The study team estimated costs using actual NJ TRANSIT construction and procurement 
costs where available, including those for the Portal Bridge Capacity Enhancement Project. 
Unit costs for station work were based on NJ TRANSIT station projects on both the RVL 
(Plainfield and Westfield) and more recent projects on other lines, adjusted for inflation. 


It should be noted that assumed baseline RVL improvements, including double tracking of 
the Aldene connection and Lehigh Line improvements are not included in the capital cost 


estimates. 


8.2 Bridges 


Three of the four scenarios evaluated as part of this study will require that some of the 
existing undergrade bridges be put back into service. The following bridge locations fall 
within the four scenario areas. 


Bridge Type 
NJDOT (Overhead/ 

Milepost STR. NO. | Feature Crossed Municipality Undergrade) | Scenario 
19.03 2063-162 Tuttle Parkway Westfield OH 4 
19.85 2063-164 Hetfield Avenue Fanwood OH 2,3 
20.56 2063-165 Martine Avenue Fanwood OH 2,3 
20.69 2063-167 | Scheelens Crossing Fanwood OH 2,3 
21.2 2063-168 Terrill Road Plainfield OH 2,3 
21.74 2063-169 Leland Avenue Plainfield UG 2,3 
22.35 2063-171 Berkman Street Plainfield UG 2,3 
22.62 2063-172 Richmond Street Plainfield UG 3 
22.85 2063-174 Roosevelt Avenue Plainfield UG 3 
22.99 2063-175 Watchung Avenue Plainfield UG 3 
23.13 2063-177 Park Avenue Plainfield UG 3 
23.28 2063-178 Madison Avenue Plainfield UG 3 
23.35 2063-179 Central Avenue Plainfield UG 3 
23.4 2063-180 New Street Plainfield UG 3 
23.51 2063-181 Liberty Street Plainfield UG 3 
23.68 2008-150 Plainfield Avenue Plainfield UG 3 
30.08 1860-152 Main Street Bound Brook UG 4 
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Overhead Bridges 


Based on review of available data, it was determined that none of the existing overhead 
bridges will require improvements. Each of these overhead bridges had previously 
accommodated a 4-track railroad with 13 foot track centers. It was therefore concluded that 
there is sufficient room to accommodate the proposed 3-track alignment. 


Undergrade Bridges 


Scenarios 2 and 3 will require that 2 and 11 existing undergrade bridges be put back into 
service, respectively. Each of these bridges was evaluated to determine if improvements 
would be required to restore track and live rail operations on the spans. A review of 
available bridge inspection reports, visual observations and discussions with the NJ 
TRANSIT Structural Department were conducted as part of this analysis. It was determined 
that all of the bridges to be impacted had recently been rehabilitated or are scheduled to be 
rehabilitated in the near future with the exception of Berkman Street in Plainfield (MP 22.35). 


The Berkman Street bridge is in overall poor condition. The controlling as-inspected ratings 
for the existing girders are E-53 (normal) and E-89 (maximum), with a fatigue rating of E-26, 
and the controlling as-inspected ratings of the piers are E-45 (normal) and E-79 (maximum). 
The normal as-built ratings of the girders and piers are only E-53 and E-78, respectively. 
Due to the age of the structure, overall poor condition of the superstructure and low ratings 
of the superstructure and substructure it was determined that the bridge superstructure 
needs to be replaced in its entirety. The existing abutments and pier bents can be repaired 
and modified to accommodate the proposed superstructure geometry. Cost associated with 
this work is estimated to be approximately $4.6 million. 


8.3 Stations 


The cost estimates for station improvements in one or more scenarios includes the following 
cost elements: 


Netherwood 
e 2 High Level Side Platforms. 
e 2 Elevators (ADA compliant ramps may be feasible at a lower cost but were 
not assumed) 


e 2 Stairways 

e Temporary Facilities during construction. 

e Utilities 

e Demolition of 2 Platforms/access. 
Fanwood 

e 2 High Level Side Platforms 


e 2 Elevators. 

e 2 Stairways. 

e Pedestrian overpass. 

e Temporary Facilities during construction. 
e = Utilities 

e Demolition of existing overpass/elevators. 
e Demolition of 2 Platforms/access. 
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Plainfield 
e 1 High Level Platform. 
2 Elevators. 
2 Stairways. 
Temporary Facilities during construction. 
Utilities. 
Demolition of existing building. 
Demolition of 1 Platform/access. 


Bound Brook 
e 1 High Level Side Platform. 
1 High Level Center Island Platform. 
2 Elevators. 
2 Stairways. 
Pedestrian overpass. 
Temporary Facilities during construction. 
Utilities 
Demolition of 2 existing platforms/access. 


Table 16 provides a summary of the station-related capital costs. Scenario 1 has no station- 
related costs. Scenario 2 includes the Netherwood and Fanwood station projects whereas 
Scenario 3 includes Netherwood, Fanwood and Plainfield stations. Scenario 4 includes only 
Bound Brook station. A critical assumption in the station cost estimates is that the 
construction of a new high level platform at a station (as a result of a new third track or 
turnback track) triggers the requirement that all platforms at that station be high level and 
ADA accessible. 


Table 16 — Conceptual Opinion of Probable Cost — Station Summary 


Demo Demo 
Exist. Exist. 
Hi-Level Overpass/ | Platform/ 
Platform Stairway Elevator Overpass Elev Access 


$500/SF $100,000 EA | $600,000 EA $800/SF $20/SF $20/SF 
Netherwood 800' X 12' 800' X 10' 


Plainfield 630'x12' 50'X20' 630'X12' 


400'x24' ' ' "X10! 
Bound Brook 400'x12’ 2 100' X 12 - 800'X10 


Table 17 provides additional detail for each of the four station improvement estimates. Note 
that the figures in Table 17 do not include design, other professional services, permitting, 
contingency or financing costs. These “soft” costs increase the capital cost estimates of 
Table 17 by approximately 49% and are reflected in the overall scenario capital costs. 
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Table 17 — Conceptual Opinion of Probable Cost — Station Detail 


Netherwood 
Hi-Level Platform 


Quantity 


Unit Cost 
$500 


$4,800,000 


Stairway 


$100,000 


$200,000 


Elevator 
Overpass 


$600,000 
$800 


$1,200,000 
$0 


Temporary Facilities During Construction 


1 


$50,000 


$50,000 


Utilities $50,000 $50,000 
Demo Exist. Bldg. $20 $0 


Demo Exist. Overpass/Elev 


$20 


$0 


Demo Exist. Platform/Access 


8,000 


$20 


$160,000 


Grand Total $6,460,000 


Plainfield 


Quantity 


Unit Cost 


Total 


Hi-Level Platform 


7,560 


$500 


$3,780,000 


Stairway 


2 


$100,000 


$200,000 


Elevator 


$600,000 


$1,200,000 


Overpass 


$800 


$0 


Temporary Facilities During Construction 


$50,000 


$50,000 


Utilities 


$50,000 


$50,000 


Demo Exist. Bldg. 


$20 


Demo Exist. Overpass/Elev 


$20 


Demo Exist. Platform/Access 


$20 


Bound Brook 

Hi-Level Platform 

Stairway 

Elevator 

Overpass 

Temporary Facilities During Construction 
Utilities 

Demo Exist. Bldg. 

Demo Exist. Overpass/Elev 

Demo Exist. Platform/Access 


Quantity 
14,400 


Grand Total 


$5,451,200 


$7,200,000 
$200,000 
$1,200,000 
$960,000 
$50,000 
$50,000 

$0 

$0 
$160,000 
$9,820,000 
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8.4 Communications & Signals 


The C&S capital cost estimates shown in Table 45 and Table 46 (Appendix N) were 
developed by the study team, in consultation with NJ TRANSIT C&S. The conceptual cab/no 
wayside design to provide improved following move headways represents the bulk of the 
C&S cost in each scenario. The remainder reflects new and/or reconfigured interlockings to 
support the third track (Scenarios 2 and 3) and turnback locations (Scenario 4). 


NJ TRANSIT provided per-square-foot capital costs for each of the typical Central 
Instrument House (“Signal Bungalow”) types used in new C&S construction: 


e Two track automatic signal location (8’ x 10’) - $391 per square foot, 
e Three track automatic signal location (8’ x 12’) - $354 per square foot, 


e Interlocking location (8’ x 20’) - $375 per square foot. 


8.5 Rolling Stock 
Capital cost for rolling stock is not included in the scenario cost estimates. 


8.6 Summary by Scenario 


Table 18 provides a summary of the capital costs by scenario, including a breakdown by 
“hard” (construction) costs and “soft” costs. “Soft” costs include design, construction 
management, permitting, contingency and finance charges. “Soft” costs increase overall 
project costs by about 29 percent. Appendix N provides detailed breakdowns of capital cost 
by study scenario and shows the contingency allocated to each construction cost element 
(generally 5 to 10 percent). Given the conceptual nature of the RVL capital improvements 
presented in this report, an additional unallocated contingency equal to 40 percent of 
estimated construction costs is included. The “soft” costs and unallocated contingency are 
computed separately and not compounded. 


Scenario 1, with only signal improvements, has the lowest cost. Scenario 4, without any new 


main track has the next lowest cost. Scenarios 2 and 3 have the highest capital costs, with 
Scenario 3 slightly higher due to the longer third track length included. 


Table 18 — Conceptual Opinion of Probable Cost —- Summary 


Cost Categories Scenario 1; Scenario 2} Scenario3} Scenario 4 
10 GUIDEWAY & TRACK ELEMENTS $0) $31,631,250) $41,526,975) $9,530,325 
20 STATIONS, STOPS, TERMINALS, INTERMODAL $0) $14,133,000) $19,624,500) $10,090,500 
40 SITEWORK & SPECIAL CONDITIONS $0 $502,530 $837,900 $482,790 
50 SYSTEMS $20,370,000} $24,297,840) $26,186,790) $21,899,640 

CONSTRUCTION SUBTOTAL| $20,370,000) $70,564,620) $88,176,165) $42,003,255 
60 ROW, LAND, EXISTING IMPROVEMENTS $0 $0 $0 $0 
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Table 18 — Conceptual Opinion of Probable Cost —- Summary 


Cost Categories Scenario 1) Scenario 2} Scenario3} Scenario 4 
80 PROFESSIONAL SERVICES 
Preliminary Engineering (4%) $814,800) $2,822,585} $3,527,047) $1,680,130 
Final Design (6%) $1,222,200} $4,233,877] $5,290,570) $2,520,195 
Railroad Project Management for Design and 
Construction (2%) $407,400) $1,411,292} $1,763,523 $840,065 
Construction Administration & Management (8.5%) $1,731,450} $5,997,993} $7,494,974} $3,570,277 
Professional Liability and other Non-Construction 
Insurance (5%) $1,018,500} $3,528,231 $4,408,808} $2,100,163 
Legal; Permits; Review Fees by other agencies, cities, 
etc. (1%) $203,700 $705,646 $881,762 $420,033 
SUBTOTAL SECTION 80| $5,398,050) $18,699,624| $23,366,684) $11,130,863 
90 UNALLOCATED CONTINGENCY (40% of Constr.) $8,148,000} $28,225,848] $35,270,466) $16,801,302 
100 FINANCE CHARGES (2% of Construction) $407,400} $1,411,292] $1,763,523 $840,065 
TOTAL PROJECT COST) $34,323,450| $118,901,385| $148,576,838| $70,775,485 
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9 Analysis of Future Operations/Infrastructure Scenarios 


The LTK team used its TrainOps simulation software to analyze the operational benefits of 
each potential future RVL scenario. These benefits include: 


e Improved capacity (minimum supportable headways), 


e Improved travel times, either through express trains overtaking local trains or better 
zone express type operation, 


e Improved operational reliability, measured in terms of On-Time Performance (OTP). 


The work began with a simulation-based analysis of minimum supportable RVL headways 
based on existing infrastructure. With 45 second dwells and 7 percent schedule margin 
(pad), the typical most constraining signal clearing time is about 8 minutes for best aspect. 
These times, relatively long by industry standards, reflect the preponderance of four-aspect, 
three-block control lines and relatively long signal-to-signal distances within the study limits. 


The results of the existing signal system headway analysis, contrasted with the five aspect 
cab signal system of Scenario 1, are shown in Table 19. The Scenario 1 results show 
minimum headways of about six minutes, or about a 25% reduction in clearing time when 
compared with the existing system. This reduction in most constraining signal clearing time 
correlates with increased train capacity on the RVL. Table 19 reports the headways using 
two different types of criteria: 


e “No Delay” — train receives a signal system aspect that is not necessarily the best 
aspect at that location but that does not require a speed reduction. Near station 
stops, for example, an intermediate 45 or 60 mph cab signal aspect may be sufficient 
for delay-free operation because the train is slowing for the station stop. 


e “All Clear” — train receives the best available signal aspect at each location, even if 
an intermediate aspect would allow it to operate without travel time penalty. The “All 
Clear” clearing time is always equal to or greater than the “No Delay” time. 


Table 19 —- Minimum Supportable Signal System Headways 
(All Stops Local Trains) 


Scenario ir. Criteria Minimum Headway 
No Delay 
All Clear 
No Delay 
All Clear 


Existing 


No Delay 


Scenario 
1 (Five All Clear 
Aspect No Delay 
System) All Clear 
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The analysis included a generic express/local capacity (minimum supportable headway) 
simulation that quantifies line capacity should NJ TRANSIT operate a mixture of local and 
express trains during peak periods. The objective was to insert an RVL “super express” train 
(making Raritan and Westfield stops only) between local trains. In Scenarios 2 and 3, the 
express train can overtake the local train in the express (third) track territory. In Scenarios 1 
and 4, the express train must follow the local train on the same track. The generic TrainOps 
simulation results of the four train trips are shown in Figure 5 for Scenario 2. The express 
train is the third train dispatched from Raritan and overtakes the second local train in the 
Fanwood-Netherwood Express Track segment. It then follows the first local train from 
Raritan from Westfield to the Lehigh Line connection at Aldene. Finally, a fourth local train 
follows the express train from Raritan. 


B Interlocking B Station @ Non-revenue 


Roselle Park 


Cranford 
Garwood 


Westfield 


Fanwood 
Netherwood 


Plainfield 


Dunellen 


Route Location (ft) 
(4) uones07 aynoy 


Bound Brook 


Bridgewater 


Somerville 


Raritan 
Raritan Yard 


00:00:00 00:10:00 00:20:00 00:30:00 00:40:00 00:50:00 01:00:00 01:10:00 
Schedule Headwa We 


Figure 5 — Local — Local — Express -Local Schedule Pattern 


Through iterative scheduling, a simulation was produced for each scenario that has no 
signal delay (following trains receiving less than best-available aspect) at any location 
(except for inevitable overtake delay in Scenarios 2 and 3). The endpoint headway between 
first and fourth trains (which is the same at Raritan and at Aldene, near Roselle Park 
Station) is reported. 


Table 20 shows the minimum four-train headway with repeating Local-Local-Express-Local 
operating pattern. The headway is reported for both a “super express” train (making Raritan 
and Westfield station stops only) and for an “express” train (identical to the stopping pattern 
of current NJ TRANSIT Train 5718, making all stops Raritan to Dunellen, then express to 
Westfield, then express to the connection at Aldene. As would be expected, the minimum 
supportable headways of the “express” pattern are better than the “super express” pattern 
because the “express” pattern (with six stops) has a closer average speed to the local than 
does the “super express” pattern (with just two stops). 
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Table 20 — Local-Local-Express-Local Pattern Minimum Headway 


Super Express Express 
Scenario Schedule ae & Westfield ee a im 


Direction 


Seenaried Headway (4 Trains)| 0:32:00 0:31:00 0:23:00 0:21:00 


High Capacity Signal 
System Only Overtake Delay 


Scenario2 Headway (4 Trains) 
High Capacity Signal 

System & Netherwood to 
Fanwood Third Track Overtake Delay 


Scenario3 Headway (4 Trains)} 00:26:00 00:26:00 00:16:00 00:18:00 
High Capacity Signal 

System & Plainfield to 
Fanwood Third Track Overtake Delay} 00:00:09 00:00:29 00:00:26 00:01:28 


Sea. Headway (4 Trains)| 0:32:00 0:31:00 0:23:00 0:21:00 
High Capacity Signal 

System & Bound Brook & 

Westfield Turnbacks Overtake Delay N.A. N.A. N.A. N.A. 


5718 Schedule Pattern is all stops from Raritan to Dunellen, and then express to Westfield and Newark. Headway analysis 
assumes 45-second dwells for Express trains, and 60-second dwells for Super Express trains. 


The Table 20 results show that Scenario 3 has the overall highest capacity (shortest 
headway for the quartet of local-local-express-local trains) of the four scenarios given the 
local/express operating philosophy. Scenario 2 is close behind Scenario 3. Scenarios 1 and 
4, without any express track, have identical minimum supportable headways for the quartet 
of trains. It should be noted that the ranking of scenarios in Table 20 is specific to 
local/express train operation. Alternative operating patterns, such as all-local, skip stop and 
zone express services, would produce different minimum headways per quartet of trains. 


For Scenarios 2 and 3, overtaking signal delay results when the eastbound local train 
reaches the end of the three-track RVL segment before the overtaking express train has 
cleared sufficiently ahead. As would be expected, the shorter Scenario 2 overtake produces 
more signal delay than the longer Scenario 3. It should be noted that the simulated trains 
are precisely scheduled and have no operating variability associated with them. In actual 
operation, overtaking delay is likely to be somewhat greater than reported by the simulation 
due to operating variability. 


Table 21 reports 24-hour weekday simulated on-time performance between Raritan and 
Roselle Park for each scenario. The table also shows the number of scheduled trips on the 
line, which ranges from 52 in Scenario 1 to 73 in Scenario 4. Scenarios 2, 3 and 4 all 
produce OTP of about 97 percent, based on the standard 5:59 reportable lateness 
threshold. Scenario 1 has somewhat poorer OTP of about 91 percent using the same 
standard. 
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Table 21 — Full Day Simulated On-Time Performance 


Lateness 
Threshold 00:01:00 00:05:59 00:10:00 All Trips 


Train Class ___| Trains | Pct (%)| Trains | Pct (%) | Trains | Pct (%) | Trains | Pct (%) 


Scenario 1 All Trips 
(High Capacity Signal 
System Only) Express 


Scenario 2 

(High Capacity Signal 
System & Netherwood to 
Fanwood Third Track) 


Scenario 3 

(High Capacity Signal 
System & Plainfield to 
Fanwood Third Track) 


Scenario 4 

High Capacity Signal 
System & Bound Brook & 
Westfield Turnbacks 


Table 22 — Peak Period Peak Direction Simulated Travel Time 
(Raritan-Roselle Park, Including Express Trains) 


| scenario | Period_| min | Max__| Average _| 


Scenario 1 AM Peak 0:34:54 0:45:43 0:38:55 
(High Capacity Signal 

System Only) PM Peak 0:35:00 0:44:30 0:40:11 
Scenario 2 AM Peak 0:25:58 0:46:49 0:37:10 
(High Capacity Signal 

System & Netherwood to 

Fanwood Third Track) PM Peak 0:24:55 0:47:32 0:38:03 


Scenario 3 AM Peak 0:25:52 0:45:41 0:37:04 
(High Capacity Signal 

System & Plainfield to 

Fanwood Third Track) PM Peak 0:24:55 0:44:58 0:37:35 
Seanano4 AMPeak | 0:31:21 0:43:33 0:35:40 
High Capacity Signal 

System & Bound Brook & ie. a Le 
Wosifiela Tumbacke PM Peak 0:28:46 0:40:06 0:33:06 


Table 22 reports simulated travel times for peak period peak direction trains operating 
between the study’s endpoints — Raritan and Roselle Park. Because none of the scenarios 
experience significant signal delay, the statistics presented in the table are largely driven by 
the operating plan specific to each scenario. Scenario 4, with a richer level of service and 
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relatively more express operation than the other scenarios, exhibits the best results (about 
36 minutes eastbound in the morning, about 33 minutes westbound in the evening). 
Scenarios 2 and 3 have similar results of about 37 minutes eastbound in the morning and 38 
minutes westbound in the evening. Scenario 1 exhibits the longest travel times, with about 
39 minutes eastbound in the morning and 40 minutes westbound in the evening. 


Table 23 displays similar data to Table 21 except that it is focused on the local stations 
bypassed by express trains in Scenario 2 and 3. By reporting travel times between Fanwood 
and Roselle Park, the table shows the “worst case” results of the overtake scenarios 
(Scenarios 2 and 3) versus the non-overtake scenarios (Scenarios 1 and 4). Scenario 2 
shows slightly longer travel times in the morning peak than do Scenarios 1 and 3. 
Otherwise, the Scenario 2 and 3 results are comparable to Scenario 1. Scenario 4 shows 
the best results of all four scenarios due to its richer level of service than others and ability 
to offer more express and skip-stop type service on the line. 


The TrainOps time-distance (“string”) chart results for the four shortlisted scenarios are 
presented in Appendix J (Scenario 1), Appendix K (Scenario 2), Appendix L (Scenario 3) 
and Appendix M (Scenario 4). The time-distance charts uses different colors for the 
simulated traces of individual train trips, as follows: 


e Blue for Track 1 (normally westbound) 
e Red for Track 2 (normally eastbound) 


e Light Blue for Other Mainline Tracks (express track in Scenarios 2 and 3, Westfield 
and Bound Brook Turnback Tracks in Scenario 4). 


Table 23 — Full Day Peak Direction Simulated Travel Time 
(Fanwood-Roselle Park — Stopping Trains Only) 


| scenario | Period_| min | Max__| Average _| 


AM Peak 
Scenario 1 


(High Capacity Signal PM Peak 
System Only) 


Full Day 


Scenario 2 AM Peak 


(High Capacity Signal 
System & Netherwood to PM Peak 


Fanwood Third Track) Full Day 


Scenario 3 AM Peak 


(High Capacity Signal 
System & Plainfield to i 


Fanwood Third Track) Full Day 0:11:22 0:15:58 0:14:30 


Scenario 4 AM Peak 
High Capacity Signal 

System & Bound Brook & 
Westfield Turnbacks Full Day 


PM Peak 
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10 Conclusions and Next Steps 


NJ TRANSIT future ridership forecasts show that RVL train length increases can 
accommodate much of the line’s forecast growth over the next seven years. While NJ 
TRANSIT is already operating the maximum supportable peak hour train volume of 6 trains 
per hour, existing peak period RVL trains can be expanded to 8 Multilevel coaches. When 
computed over an entire peak hour, this represents a passenger capacity expansion of 31 
percent versus the current RVL train consists that include 6 and 7 car trains (the RVL, like 
most commuter rail lines in North America, has pronounced “peak of the peak” ridership with 
likely overcrowding during this short time period under future ridership forecasts and no 
additional trains scheduled). Capacity growth beyond this level will require additional peak 
period trips which will require some of the capacity expansion projects identified in this 
study. 


The RVL Capacity Expansion Study identified a number of feasible strategies for cost- 
effective increases in passenger-carrying capacity on the line. The cab/no wayside 
resignaling of Scenario 1 provides an important capacity benefit, boosting all-stops capacity 
on each track from about 6 trains per hour to 8 trains per hour. This improvement can be 
implemented with no apparent environmental issues and a minimum of disruption to the 
communities abutting the RVL. 


Both the third (express) track and turnback track strategies were found to have operational 
benefits in terms of boosting RVL service. Scenario 3, with its longer segment of third track, 
is superior to Scenario 2. Both scenarios include the signal system improvements of 
Scenario 1. Scenario 3 provides for almost delay-free overtakes (though without much 
margin for day-to-day schedule variations) while the shorter third track of Scenario 2 does 
not. Because Scenario 2 produces a minute or more of signal delay (under ideal operating 
conditions with no schedule variability) for each train being overtaken, it is not a viable 
option. Scenario 3, supporting a three-station overtake, represents the minimum acceptable 
length of third (express) track for operational viability. Though the study team was 
unsuccessful in crafting a scenario featuring a four or five station overtake, it is clear that 
such a significant express track length is needed for delay-free overtakes under typical 
operating conditions. 


Given the distribution of existing RVL ridership along the line, future ridership projections by 
NJ TRANSIT and operational considerations, it is clear that any third (express) track should 
be built east of Bound Brook. An express track west of Bound Brook does not provide for a 
sufficient number of stations stops west thereof to fully load an RVL train (even from High 
Bridge) and warrant express operation. 


Scenario 4 supports service expansion without overtakes but, instead, using a three-zone 
service (with turnback tracks off of the mainline at the one-third and two-thirds points on the 
line). Scenarios 3 and 4 represent different approaches, both with appealing operational 
characteristics, to capacity expansion on the RVL. Scenario 3 supports higher train capacity 
and passenger throughput than Scenario 4, while Scenario 4 supports greater 
improvements in RVL passenger travel times than Scenario 3. Scenario 4, with less overall 
construction, has less community impact than Scenario 3 and an estimated capital cost that 
is about half of Scenario 3. 


All of study scenarios assumed diesel-only locomotive performance, as opposed to “dual 
power’ (electric and diesel) locomotive performance in diesel mode. NJ TRANSIT’s ALP- 
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45DP locomotives are capable of operating in both diesel and electrified territories, including 
the Northeast Corridor to Penn Station New York. The performance of NJ TRANSIT’s diesel- 
only and “dual power” (in diesel mode) locomotives are very similar. Therefore, the results 
specific to each of the four study scenarios applies equally to both traditional diesel and 
“dual power’ trains. 


Although time and budget considerations did not allow their full feasibility analysis, the study 
generated additional suggestions for RVL Capacity Enhancements. The following scenarios 
should be investigated in a more detailed future study: 


e Additional detailed alternatives for Westfield Station three-track platform access, 
including possible construction of one new high level platforms offset longitudinally to 
avoid historic structures to the east of the new platform, 


e Third track from Fanwood to Dunellen, allowing express trains to bypass four station 
stops made by local trains, and 


e Third track from Westfield to Plainfield or Dunellen, without third track access at 
Westfield, necessitating some revisions to service at the highest ridership RVL 
station of Westfield but, again, allowing express trains to bypass four station stops 
made by local trains. 


At the same time, an overall RVL Infrastructure Master Plan is needed that joins the work of 
this study with detailed analysis of capacity improvements east of Aldene. Identified capital 
projects east of Aldene include: 


e Double track Aldene connection between the RVL and the Conrail Shared Assets 
Lehigh Line, 


e Lehigh Line capacity improvements including additional main trackage between CP- 
Newark (formerly “NK”) and Aldene (a third track; NJ TRANSIT and its freight 
partners have discussed the possibility of a partial or full fourth track as well), 


e Hunter Flyover, providing grade-separated access from the RVL Hunter Connection 
to NEC Track 1, 


e Westbound Newark-Waterfront Connection to eliminate at-grade conflicts at the east 
end of Newark Penn Station (Dock Interlocking) associated with the use of Hudson 
Yard and the Hudson Pocket Track for turning RVL trains. 


While the ultimate RVL train throughput depends on the above east-of-Aldene projects, an 
RVL Infrastructure Master Plan is needed to determine which intermediate improvements 
west of Aldene work best with which capacity improvements east of Aldene. Clearly, some 
RVL service expansion can be achieved without implementing without constructing 
additional Lehigh Line tracks, the Hunter Flyover or the Westbound Waterfront Connection. 


Similarly, while the RVL scenarios investigated in this study assumed traditional diesel-only 
locomotive performance, the results are equally applicable to NJ TRANSIT’s “dual power” 
locomotive performance (in diesel mode). The RVL Infrastructure Master Plan should 
include ridership-based analyses to support development of the most cost-effective (and 
operationally feasible) future growth scenarios where RVL service is operated to multiple 


eastern terminals. 
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In terms of next steps, NJ TRANSIT should confirm that it wishes to preserve options for 
both Scenario 3 and 4 improvements in the long term. It should coordinate among the 
affected departments to ensure that: 


e Applicable unused bridge spans (Scenario 3) continue to be inspected and 
maintained to the same standard as the adjacent “live” spans, 


e Right of way encroachments are prevented or, where occurring, are expeditiously 
addressed so as to preserve all of NJ TRANSIT’s rights to the full right of way width, 


e Applicable right of way is not encumbered by sale or long-term lease, 


e Station improvements at Netherwood, Fanwood, Plainfield and Bound Brook are 
implemented consistent with the long-range improvements contained in Scenarios 3 
and 4. 
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Appendix A. 


RVL TrainOps® Simulation Rolling Stock Inputs 


Table 24 — Locomotive Specifications for 


Simulation 

PL42AC 
Length (feet) 69.83 
Weight (pounds) 290000 
Number of Axles 4 
Maximum Adhesion (percent) 24.0 
Continuous Power (HP) 4200 
Propulsion System Efficiency (percent) 80.0 
Derate Tractive Power for Auxiliary Load Yes 
Auxiliary kW Load (kW) 0.00 
Maximum Speed (mph) 100 
Initial Acceleration Limit (mph/s) 2.00 
Service Brake Rate (mph/s) 2.00 
Braking Reaction time (Cab) (seconds) 3.00 
Rotational Mass (percent) 5.00 
Frontal Area (square feet) 153.50 


Table 25 — Tractive Effort 


PL42AC 
: Tractive 
pcan Effort 
(pounds (F)) 

0 75000 
7 68000 
10 64000 
16 59000 
20 56000 
25 46000 
30 39000 
35 33943 
40 29700 
45 26400 
50 23760 
55 21600 
60 19800 
65 18277 
70 16971 
75 15840 
79 15038 
80 1 


Raritan Valley Line Capacity Expansion Study 


Page 57 of 177 


February 2013 


Multi-level Commuter Car Trailer 
Specification for Simulation 


Table 26 — NJ TRANSIT 2006-2009 Bombardier 


Weight (pounds) 132900 
Length (feet) 85 
Number of Axles 4 
Passenger Capacity (Seated) 132 
Passenger Capacity (Total) 170 
Maximum Speed (mph) 125 
Average Auxiliary kW Load (kW) 90.00 
Power Factor (percent) 85 
Rotational Mass (percent) 8.8 
Service Brake Rate (mph/s) 2.50 
Frontal Area (square feet) 140.00 


Table 27 - NJ TRANSIT 2006-2009 Bombardier 
Multi-level Cab Car Specification for Simulation 


Weight (pounds) 139250 
Length (feet) 85 
Number of Axles 4 
Passenger Capacity (Seated) 128 
Passenger Capacity (Total) 175 
Maximum Speed (mph) 125 
Average Auxiliary kW Load (kW) 90.00 
Power Factor (percent) 85 
Rotational Mass (percent) 8.7 
Service Brake Rate (mph/s) 2.50 
Frontal Area (square feet) 140.00 
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Appendix B. Existing Signal System Minimum Headways 


Table 28 — Westbound All-Stops Train Cranford to Raritan 


Minimum 
Supportable 
Time Needed | Headway for | # of Blocks 
to Clear Best Aspect Needed To 
Time Signal Block at Signal Receive 
Trip Train Event h:mm:ss Dist (ft) Cause h:mm:ss h:mm:ss Clear Signal 
WB All Stops T0021 | PASS | juli ne nme uname = 
WB All Stops T0021 TAIL za aa 
WBAllStops | T0021 | PASS | ji fi | ie | eee = 
WB All Stops T0021 TAIL | lc oer er 
WBAllStops | T0021 | PASS | ji i | ao ane a 
WB All Stops T0021 TAIL a] | Oo 
WB All Stops T0021 | PASS | (ii [A iene genes | a 
WB All Stops T0021 TAIL a — | 
WB AllStops | 70021 | PASS x i | an 
WB All Stops T0021 TAIL Fc er CUT 
WBAllStops | T0021 | PASS | ji So | em |= em = 
WB All Stops T0021 TAIL | lc esr eer 
WBAllStops | T0021 | PASS | jx Sf | ere eee = 
WB All Stops T0021 TAIL | i ecl errS 
WB All Stops T0021 | PASS | (xf Se wm aun = 
WB All Stops T0021 TAIL | ical le 
WB All Stops T0021 | PASS | (xiii [At onmes = Geeeeeeey | = 
WBAI Stops | 70021 | TAL | i a 
WBAllStops | T0021 | PASS | ji i | Se Gane = 
WB All Stops T0021 TAIL Pe 
WBAllStops | T0021 | PASS | jaf i | (om | eee = 
WB All Stops T0021 TAIL ee ee | 
WB All Stops T0021 | PASS | ft SAV ace aun a 
WB All Stops T0021 TAIL | ical le 
WB All Stops T0021 | PASS | ii (Eel oom genes a 
WB All Stops T0021 TAIL Fl ec lS 
WB AI Stops | 70021 | PASS | i | a a ps] 
WB All Stops T0021 TAIL | lc oes eer 
WBAllStops | T0021 | PASS | jij Si | Smee gene a 
WB All Stops T0021 TAIL —— i |= ee 
WB All Stops T0021 | PASS | (iff Sir i genes a 
WB All Stops T0021 TAIL | lc tere 
WBAllStops | T0021 | PASS | ja Sa | occ a a 
WB All Stops T0021 TAIL | lc Cc CPE 
WBAllStops | T0021 | PASS | i —are acm | muneenees = 
WB All Stops T0021 TAIL Fc ier eS 
WB All Stops T0021 | PASS | (ee em genau - 
WB All Stops T0021 TAIL a fo 
WB All Stops T0021 PASS elle 
WB All Stops T0021 TAIL Pl ll 
WB All Stops T0021 PASS Pl kel 
WB All Stops T0021 TAIL Te osc OPER 
Train Consist: One PL42AC Locomotive and 7 Bombardier Multi-level Commuter Coaches 
Dwell Time Per Station: 45 seconds 
Train Direction — Westbound 
Schedule Margin - 7% 
Schedule Pattern - All stops Cranford to Raritan 
The field highlighted indicates the most constraining minimum supportable headway. 
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Table 29 — Westbound Train 5415 — Cranford to Raritan 


(No stops at Garwood) 


Minimum 
Supportable 
Time Needed | Headway for | # of Blocks 
to Clear Best Aspect Needed To 
Time Signal Block at Signal Receive 
Trip Train Event h:mm:ss Dist (ft) Cause h:mm:ss h:mm:ss Clear Signal 
5415 T0008 TAIL iz 
5415 T0008 TAIL = 
5415 T0008 TAIL 
5415 T0008 TAIL Pa 
5415 T0008 TAIL i 
5415 T0008 TAIL if 
5415 T0008 TAIL z= 
5415 T0008 TAIL he 
5415 T0008 TAIL ix 
5415 T0008 TAIL . 
5415 T0008 TAIL iz 
5415 T0008 TAIL 3 
5415 T0008 TAIL = 
5415 T0008 TAIL 
oe 20S 2) Ease ed 
5415 T0008 TAIL Z 
5415 Tooos | PASS | TLLLCCCCCti“(CCtC‘iSSS 
5415 T0008 TAIL = 
5415 T0008 TAIL fe 
5415 T0008 _| PASS an) 
5415 T0008 TAIL E 
5415 Too0s8_| PASS | 
5415 T0008 TAIL 
5415 T0008 | PASS 
5415 T0008 TAIL 


Train Consist: One PL42AC Locomotive and 7 Bombardier Multi-level Commuter Coaches 
Dwell Time Per Station: 45 seconds 
Train Direction - Westbound 

Schedule Margin - 7% 
Schedule Pattern - Cranford to Raritan (no stop Garwood) 
The field highlighted indicates the most constraining minimum supportable headway. 
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Table 30 — Westbound Train 5737 — Westfield to Raritan 


(No stops at Fanwood and Netherwood) 


Minimum 
Supportable 
Time Needed | Headway for | # of Blocks 
to Clear Best Aspect Needed To 

Signal Block at Signal Receive 
Trip Train Event Ante Aine lear Signal 
5737 T0009 PASS 
5737 T0009 TAIL | 
5737 T0009 TAIL 
5737 Tooo9 | PASS _— 
5737 T0009 TAIL _ 
5737 T0009 TAIL | 
5737 T0009 TAIL 
ee a ee 
5737 T0009 TAIL 
5737 T0009 PASS 
5737 T0009 TAIL _ 
5737 T0009 TAIL | 
5737 T0009 TAIL 
5737 T0009 TAIL bine 
5737 T0009 TAIL L 
5737 T0009 TAIL 
5737 T0009 TAIL 
5737 T0009 PASS 
5737 T0009 TAIL 
5737 T0009 PASS 
5737 T0009 TAIL 
5737 T0009 PASS 
5737 T0009 TAIL 
5737 T0009 PASS 
5737 T0009 TAIL 


Train Consist: One PL42AC Locomotive and 7 Bombardier Multi-level Commuter Coaches 
Dwell Time Per Station: 45 seconds 
Train Direction - Westbound 
Schedule Margin - 7% 
Schedule Pattern - Westfield to Raritan (no stops at Fanwood and Netherwood) 

The field highlighted indicates the most constraining minimum supportable headway. 
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Table 31 — Eastbound All-Stops Train - Raritan to Cranford 


Time 


Time Needed 
to Clear 
Signal Block 


Minimum 
Supportable 
Headway for 
Best Aspect 

at Signal 


# of Blocks 
Needed To 
Receive 


Trip Train Event Dist (ft) Cause h:mm:ss h:mm:ss Clear Signal 
EB AllStops | T0010 TAIL = 
EB AllStops | T0010 | PASS =_  #§© €6F 
EB All Stops | T0010 TAIL 
EB All Stops | T0010 TAIL 
EBAllStops | 10010 TAIL a 
EB AllStops | T0010 | PASS a: =r ec er 
EB All Stops | T0010 TAIL 
EBAllStops | T0010 TAIL 
EB AllStops | T0010 | PASS ee 
EB All Stops | T0010 TAIL L. 
EB All Stops | T0010 TAIL 
EB All Stops | T0010 TAIL 
EB AllStops | T0010 | PASS a es eS 
EB All Stops | 10010 TAIL = 
EB AllStops | T0010 | PASS | rc wc rr lcm 
EB All Stops | 10010 TAIL = 
EB All Stops | T0010 | PASS — 
EB All Stops | 10010 TAIL Zz 
EB AllStops | T0010 | PASS - i +#§ «© Ff 
EB All Stops | T0010 TAIL 
EB AllStops | T0010 | PASS ee 
EB All Stops | T0010 TAIL = 
EBAllStops | 10010 | PASS Fc ec ( t;®TLCrC® 
EB All Stops | T0010 TAIL 
EB AllStops | T0010 | PASS - 
EB All Stops | 10010 TAIL [_ 
EB AllStops | T0010 | PASS —————SSSESESE— 
EB All Stops | T0010 TAIL a 
EB AllStops | T0010 PASS Fc ec esl 
EBAllStops | 10010 TAIL 
EB AllStops | 10010 | PASS | 
EB All Stops | T0010 TAIL [ 
EB AllStops | T0010 | PASS sh 
EBAllStops | T0010 TAIL 
EBAllStops | T0010 | PASS 
EB All Stops | T0010 TAIL 


Train Consist: One PL42AC Locomotive and 7 Bombardier Multi-level Commuter Coaches 
Dwell Time Per Station: 45 seconds 


Train Direction — Eastbound 


Schedule Margin - 7% 


Schedule Pattern - Raritan to Cranford (All Stops) 


The field highlighted indicates the most constraining minimum supportable headway. 
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Table 32 — Eastbound Train 5404 - Raritan to Cranford 


(No Stop at Garwood) 


Trip Train Event 
5404 T0011 PASS 
5404 T0011 TAIL 
5404 T0011 PASS 
5404 T0011 TAIL 
5404 T0011 PASS 
5404 T0011 TAIL 
5404 T0011 PASS 
5404 T0011 TAIL 
5404 T0011 PASS 
5404 T0011 TAIL 
5404 T0011 PASS 
5404 T0011 TAIL 
5404 T0011 PASS 
5404 T0011 TAIL 
5404 T0011 PASS 
5404 T0011 TAIL 
5404 T0011 PASS 
5404 T0011 TAIL 
5404 T0011 PASS 
5404 T0011 TAIL 
5404 T0011 PASS 
5404 T0011 TAIL 
5404 T0011 PASS 
5404 T0011 TAIL 
5404 T0011 PASS 
5404 T0011 TAIL 
5404 T0011 PASS 
5404 T0011 TAIL 
5404 T0011 PASS 
5404 T0011 TAIL 
5404 T0011 PASS 
5404 T0011 TAIL 
5404 T0011 PASS 
5404 T0011 TAIL 
5404 T0011 PASS 
5404 T0011 TAIL 


Time Needed 
to Clear 
Signal Block 


Minimum 
Supportable 
Headway for 
Best Aspect 
at Signal 


# of Blocks 
Needed To 
Receive 

lear Signal 


Train Consist: One PL42AC Locomotive and 7 Bombardier Multi-level Commuter Coaches 
Dwell Time Per Station: 45 seconds 
Train Direction — Eastbound 
Schedule Margin - 7% 
Schedule Pattern - Raritan to Cranford (no stop at Garwood) 

The field highlighted indicates the most constraining minimum supportable headway. 
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Table 33 — Eastbound Train 5412 - Raritan to Garwood 
(No Stops at Bound Brook, Dunellen and Westfield) 


Trip Train Event 
5412 T0012 PASS 
5412 T0012 TAIL 
5412 T0012 PASS 
5412 T0012 TAIL 
5412 T0012 PASS 
5412 T0012 TAIL 
5412 T0012 PASS 
5412 T0012 TAIL 
5412 T0012 PASS 
5412 T0012 TAIL 
5412 T0012 PASS 
5412 T0012 TAIL 
5412 T0012 PASS 
5412 T0012 TAIL 
5412 T0012 PASS 
5412 T0012 TAIL 
5412 T0012 PASS 
5412 T0012 TAIL 
5412 T0012 PASS 
5412 T0012 TAIL 
5412 T0012 PASS 
5412 T0012 TAIL 
5412 T0012 PASS 
5412 T0012 TAIL 
5412 T0012 PASS 
5412 T0012 TAIL 
5412 T0012 PASS 
5412 T0012 TAIL 
5412 T0012 PASS 
5412 T0012 TAIL 
5412 T0012 PASS 
5412 T0012 TAIL 
5412 T0012 PASS 
5412 T0012 TAIL 


Minimum 
Supportable 
Time Needed | Headway for | # of Blocks 
to Clear Best Aspect Needed To 
Signal Block at Signal Receive 
h:mm:ss h:mm:ss Clear Signal 
Ee 


Train Consist: One PL42AC Locomotive and 7 Bombardier Multi-level Commuter Coaches 
Dwell Time Per Station: 45 seconds 
Train Direction — Eastbound 
Schedule Margin - 7% 
Schedule Pattern - Raritan to Garwood (no stops at Bound Brook, Dunellen and Westfield) 
The field highlighted indicates the most constraining minimum supportable headway. 
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Table 34 — Eastbound Train 5416 Raritan to Cranford 
(No Stops at Westfield and Garwood) 


Time 


Trip Train Event 
5416 T0014 PASS 
5416 T0014 TAIL 
5416 T0014 PASS 
5416 T0014 TAIL 
5416 T0014 PASS 
5416 T0014 TAIL 
5416 T0014 PASS 
5416 T0014 TAIL 
5416 T0014 PASS 
5416 T0014 TAIL 
5416 T0014 PASS 
5416 T0014 TAIL 
5416 T0014 PASS 
5416 T0014 TAIL 
5416 T0014 PASS 
5416 T0014 TAIL 
5416 T0014 PASS 
5416 T0014 TAIL 
5416 T0014 PASS 
5416 T0014 TAIL 
5416 T0014 PASS 
5416 T0014 TAIL 
5416 T0014 PASS 
5416 T0014 TAIL 
5416 T0014 PASS 
5416 T0014 TAIL 
5416 T0014 PASS 
5416 T0014 TAIL 
5416 T0014 PASS 
5416 T0014 TAIL 
5416 T0014 PASS 
5416 T0014 TAIL 
5416 T0014 PASS 
5416 T0014 TAIL 
5416 T0014 PASS 
5416 T0014 TAIL 


Minimum 
Supportable 
Time Needed | Headway for | # of Blocks 
to Clear Best Aspect Needed To 
Signal Block at Signal Receive 

Dist (ft) Cause h:mm:ss h:mm:ss Clear Signal 
cP rrrcrrrCtss—“(‘(‘SSSCisSS 
pc ellclclcltc lt$§;®:LUmLe 


Train Consist: One PL42AC Locomotive and 7 Bombardier Multi-level Commuter Coaches 
Dwell Time Per Station: 45 seconds 


Train Direction — Eastbound 


Schedule Margin - 7% 
Schedule Pattern - Raritan to Cranford (no stops at Westfield and Garwood) 
The field highlighted indicates the most constraining minimum supportable headway. 
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(No Stops at Bridgewater, Plainfield, Netherwood, Fanwood, Garwood) 


Table 35 — Eastbound Train 5710 - Raritan to Cranford 


Minimum 
Supportable 
Time Needed | Headway for | # of Blocks 
to Clear Best Aspect Needed To 
Time Signal Block at Signal Receive 

Trip Train Event Dist (ft) h:mm:ss h:mm:ss Clear Signal 
aD OO ae Ss rrCesCta “SS 
5710 T0013 TAIL 
ae TOptS PASS | TTT 
5710 T0013 TAIL 
5710 T0013 TAIL [_ 
5710 T0013 | PASS Me 
5710 T0013 TAIL = 
5710 T0013 TAIL [_ 
5710 T0013 TAIL 
5710 T0013 | PASS fi 
5710 T0013 TAIL io 
5710 T0013 | PASS pct 
5710 T0013 TAIL [_ 
5710 T0013 TAIL 
2 Tong _|_FASS —— EE 
5710 T0013 TAIL = 
5710 T0013 TAIL = 
5710 T0013. | PASS eS 
5710 T0013 TAIL = 
5710 T0013 TAIL _ 
5710 T0013 TAIL [_ 
5710 T0013. | PASS id 
5710 T0013 TAIL _ 
5710 T0013. | PASS hi 
5710 T0013 TAIL 
5710 T0013. | PASS Ea 
5710 T0013 TAIL 
5710 T0013 | PASS 
5710 T0013 TAIL 


Train Consist: One PL42AC Locomotive and 7 Bombardier Multi-level Commuter Coaches 
Dwell Time Per Station: 45 seconds 
Train Direction — Eastbound 

Schedule Margin - 7% 
Schedule Pattern - Raritan to Cranford (no stops at: Bridgewater, Plainfield, Netherwood, Fanwood, Garwood) 
The field highlighted indicates the most constraining minimum supportable headway. 
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Table 36 — Eastbound Train 5714 - Raritan to Cranford 
(No Stops at Bridgewater, Plainfield, Netherwood, Fanwood, Garwood) 


Minimum 
Supportable 
Time Needed | Headway for | # of Blocks 
to Clear Best Aspect Needed To 
Time Signal Block at Signal Receive 

Trip Train Event Dist (ft) h:mm:ss h:mm:ss Clear Signal 
sma | Toois | PASS TU 
5714 T0016 TAIL | 
5714 T0016 TAIL Wa, 
5714 T0016 TAIL 
a ee =LULULtC“(tiststC‘ 
5714 T0016 TAIL = 
5714 T0016 TAIL 
Sie =) aol Bass a 
5714 T0016 TAIL i 
5714 T0016 TAIL | 
sri | Toots | PASS UG 
5714 T0016 TAIL 
5714 T0016 TAIL | 
5714 T0016 TAIL 
sia | “Toots {Pass a 
5714 T0016 TAIL a 
5714 T0016 | PASS Sh 
5714 T0016 TAIL 
s714__| Tote | PASS —— 
5714 T0016 TAIL | 
5714 T0016 TAIL 
5714 T0016 TAIL 
5714 T0016 | PASS a 
5714 T0016 TAIL — 
5714 Too16 | PASS EZ 
5714 T0016 TAIL 
5714 T0016 PASS 
5714 T0016 TAIL 


Train Consist: One PL42AC Locomotive and 7 Bombardier Multi-level Commuter Coaches 

Dwell Time Per Station: 45 seconds 

Train Direction — Eastbound 

Schedule Margin - 7% 

Schedule Pattern - Raritan to Cranford (no stops at: Bridgewater, Plainfield, Netherwood, Fanwood, Garwood) 
The field highlighted indicates the most constraining minimum supportable headway. 


Raritan Valley Line Capacity Expansion Study February 2013 
Page 67 of 177 


Table 37 — Eastbound Train 5718 - Raritan to Westfield 


(No Stops at Plainfield, Netherwood, Fanwood) 


Trip Train Event 
5718 T0015 PASS 
5718 T0015 TAIL 
5718 T0015 PASS 
5718 T0015 TAIL 
5718 T0015 PASS 
5718 T0015 TAIL 
5718 T0015 PASS 
5718 T0015 TAIL 
5718 T0015 PASS 
5718 T0015 TAIL 
5718 T0015 PASS 
5718 T0015 TAIL 
5718 T0015 PASS 
5718 T0015 TAIL 
5718 T0015 PASS 
5718 T0015 TAIL 
5718 T0015 PASS 
5718 T0015 TAIL 
5718 T0015 PASS 
5718 T0015 TAIL 
5718 T0015 PASS 
5718 T0015 TAIL 
5718 T0015 PASS 
5718 T0015 TAIL 
5718 T0015 PASS 
5718 T0015 TAIL 
5718 T0015 PASS 
5718 T0015 TAIL 
5718 T0015 PASS 
5718 T0015 TAIL 


Minimum 
Supportable 
Time Needed | Headway for | # of Blocks 
to Clear Best Aspect Needed To 
Signal Block at Signal Receive 
h:mm:ss h:mm:ss Clear Signal 
— zee 


Train Consist: One PL42AC Locomotive and 7 Bombardier Multi-level Commuter Coaches 
Dwell Time Per Station: 45 seconds 
Train Direction — Eastbound 
Schedule Margin - 7% 
Schedule Pattern - Raritan to Westfield (no stops at Plainfield, Netherwood, Fanwood) 
The field highlighted indicates the most constraining minimum supportable headway. 
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Table 38 — Eastbound Train 5902 - Plainfield to Cranford 


(No Stop at Garwood) 
Minimum 
Supportable 
Time Needed | Headway for | # of Blocks 
to Clear Best Aspect Needed To 
Time Signal Block at Signal Receive 

Trip Train Event Dist (ft) h:mm:ss h:mm:ss Clear Signal 
5902 T0017 TAIL 
5902 |_Toot7 | PASS .-_ «5 
5902 T0017 TAIL 
a0 eee | 
5902 T0017 TAIL | 
5902 T0017 TAIL | 
5902 T0017 | PASS ——EeEE——ES— 
5902 T0017 TAIL 
5902 T0017 | PASS a 
5902 T0017 TAIL _ 
5902 T0017 PASS | | 
5902 T0017 TAIL 
5902 T0017 PASS 
5902 T0017 TAIL 


Train Consist: One PL42AC Locomotive and 7 Bombardier Multi-level Commuter Coaches 
Dwell Time Per Station: 45 seconds 


Train Direction — Eastbound 
Schedule Margin - 7% 


Schedule Pattern - Plainfield to Cranford (no stop at Garwood) 
The field highlighted indicates the most constraining minimum supportable headway. 
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Table 39 — Eastbound Non-Stop Train - Raritan to Cranford Express 


(No Intermediate Stops) 


Trip Train Event 
EB Express T0024 PASS 
EB Express T0024 TAIL 
EB Express T0024 PASS 
EB Express T0024 TAIL 
EB Express T0024 PASS 
EB Express T0024 TAIL 
EB Express T0024 PASS 
EB Express T0024 TAIL 
EB Express T0024 PASS 
EB Express T0024 TAIL 
EB Express T0024 PASS 
EB Express T0024 TAIL 
EB Express T0024 PASS 
EB Express T0024 TAIL 
EB Express T0024 PASS 
EB Express T0024 TAIL 
EB Express T0024 PASS 
EB Express T0024 TAIL 
EB Express T0024 PASS 
EB Express T0024 TAIL 
EB Express T0024 PASS 
EB Express T0024 TAIL 
EB Express T0024 PASS 
EB Express T0024 TAIL 
EB Express T0024 PASS 
EB Express T0024 TAIL 
EB Express T0024 PASS 
EB Express T0024 TAIL 
EB Express T0024 PASS 
EB Express T0024 TAIL 
EB Express T0024 PASS 
EB Express T0024 TAIL 
EB Express T0024 PASS 
EB Express T0024 TAIL 
EB Express T0024 PASS 
EB Express T0024 TAIL 
EB Express T0024 PASS 
EB Express T0024 TAIL 


Minimum 
Supportable 
Time Needed | Headway for | # of Blocks 
to Clear Best Aspect Needed To 
Signal Block at Signal Receive 
h:mm:ss h:mm:ss Clear Signal 
——EEEE——E———E— Sa 
————— 
EE 


Train Consist: One PL42AC Locomotive and 7 Bombardier Multi-level Commuter Coaches 
Dwell Time Per Station: 45 seconds 


Train Direction — Eastbound 


Schedule Margin - 7% 
Schedule Pattern - Raritan to Cranford Express (no intermediate stops) 
The field highlighted indicates the most constraining minimum supportable headway. 
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Table 40 — Westbound Non-Stop Train — Cranford to Raritan Express 
(No Intermediate Stops) 


Minimum 
Supportable 
Time Needed | Headway for | # of Blocks 
to Clear Best Aspect Needed To 
Time Signal Block at Signal Receive 


Trip Train Event lear Signal 


WB Express T0023 PASS 
WB Express T0023 TAIL 


WB Express T0023 PASS 


WB Express T0023 TAIL 


| 


WB Express T0023 PASS 


WB Express T0023 TAIL 


WB Express T0023 PASS 


WB Express T0023 TAIL 


WB Express T0023 PASS 


WB Express T0023 TAIL 


WB Express T0023 PASS 


WB Express T0023 TAIL 


WB Express T0023 PASS 


WB Express T0023 TAIL 


WB Express T0023 PASS 


WB Express T0023 TAIL 


WB Express | 10023 | PASS Mi. = =—h 
WB Express T0023 TAIL 

WB Express T0023 PASS 

WB Express T0023 TAIL — 

WB Express | 10023 | PASS | CLLLC_LLLLC(“‘( . CS 


WB Express T0023 TAIL 


WB Express T0023 PASS 


WB Express T0023 TAIL 


WB Express T0023 PASS 


WB Express T0023 TAIL 


WB Express T0023 PASS 


WB Express T0023 TAIL 


WB Express T0023 PASS 


WB Express T0023 TAIL 


WB Express T0023 PASS 


WB Express T0023 TAIL 


WB Express T0023 PASS 


WB Express T0023 TAIL 


WB Express T0023 PASS 


WB Express T0023 TAIL 


WB Express T0023 PASS 


WB Express T0023 TAIL 


WB Express T0023 PASS 


WB Express T0023 TAIL 


WB Express T0023 PASS 


WB Express T0023 TAIL 


Train Consist: One PL42AC Locomotive and 7 Bombardier Multi-level Commuter Coaches 
Dwell Time Per Station: 45 seconds 

Train Direction - Westbound 

Schedule Margin - 7% 

Schedule Pattern - Cranford to Raritan Express (no intermediate stops) 

The field highlighted indicates the most constraining minimum supportable headway. 
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Appendix C. Conceptual Design of Five-Aspect Cab/No Wayside 
Signal Control Lines 


Raritan Valley Line Capacity Expansion Study February 2013 
Page 72 of 177 


LLL 40 eZ a6ed 
€Loz Aueniqe4 Apnys uoisuedxy Ayoedey our Aaye, uewey 


= 


saury j0.QU0D gq Aayeq uequeY 


sour jo.UOD gM AaTyeA uequeYy 


LLL 40 pL a6ed 
€Loz Aueniqe 4 Apnys uoisuedxy Ayoedey our Aaye, uewey 


saul jouo) gq AayjeaA uequey 


SOUT] [OQUOD GM AgIeA UPWeY 


LL1 40 GZ a6ed 
€Loz Aueniqe 4 Apnys uoisuedxy Ayoedey our Aye, uewey 


saul] jO.QUO0D gq Aayeq uequeY 


sour] joUOD gM AaTyeA ueqey 


LL1 40 92 a6ed 
€Loz Aueniqe4 Apnys uoisuedxy Ayoedey our Aaye, uewey 


= 
saury j0QU0D gq AayeA uequeYy 


sour] jo.UOD gM AaTyeA uequeYy 


LLL 40 LL a6ed 
€Loz Aueniqe 4 Apnys uoisuedxy Ayoedey our Aaye, uewey 


Saul] j0.QU0D gq Aayeq uequeY 


sour joqUOD gM AaTyea uequey 


LLL 40 gL a6ed 
€Loz Aueniqe 4 Apnys uoisuedxy Ayoedey our Aaye, uewey 


saul] J0.QUO0D gq AayeA ueueY 


Sour] jo.UOD gM AaTyeA uequeY 


LLL 40 62 a6ed 
€Loz Aueniqe4 Apnys uoisuedxy Ayoedey our Aaye, uewey 


Saul] j01QU0D gq AaTeA ueueY 


sour joQUOD gM AaTyeA uequey 


ZL1 40 08 a6ed 
€Loz Aueniqe 4 Apnys uoisuedxy Ayoedey our Aaye, uewey 


saul] joQU0D gq AayeA uequeY 


sour] joUOD gM AaTyeA uequeY 


LLL 40 Lg e6ed 
€Loz Aueniqe 4 Apnys uoisuedxy Ayoedey our Aaye, uewey 


Saul] j0.QUO0D gq AayeA UeueY 


sour] jo.UO0D gM AaTyeA uequeY 


Appendix D. RVL Additional Track Right of Way Constraints 


Raritan Valley Line Capacity Expansion Study February 2013 
Page 82 of 177 


LLL 40 €8 e6ed 


€Loz Aueniqe 4 Apnys uoisuedxy Ayoedey our Aaye, uewey 
SOLZOTN OHNON Zloz\0 nossa ert) | “on CE 
ve 18 S¥OVEL NIV HLb/Ode mann eee ones == 
Br cea ONIGQY 4O LNBNSSSSSY ALITIISVA4 ‘es enc nem ne OOM savas renner aoe, | w=" WN N 
as 
cms AGNLS ALrHaisvad saoovr MI a | LISNVULIN |, 
ron sauna MOVUL GHIHL ANI AS TIVA NVLIVVY oer | z 
S S o (1337 HOIH) WYOSLVId NOILVLS QNISSOUD JOvHO-LY | 
Wapenaies issivens 3SV¥9 TWNOIS YO HID E] 9 SSOUD 3 i i 
LiIvud saree el Sen — LSVN TWNOIS @ (1331 MOD) WYOILVId NOILVLS oom aici Au asaNn I 
ALIX31dN02 3LVY3CON Sm 
ALIKE 1ANOD TWAINIA Sm 390148 TyNOIS JAY YAO - 39a148 I 390IMa 1Ad Y3aNN J 


BR 26.77 AMBROSE BROOK 
28.54 CEDAR AVENLE 
27.99 MOUNTAIN AVENUE 
@R 27.14 BOUND BROOK 
BR 26.56 BENAGUT BROOK 
BR 2624 MADISON AVENUE 
BR 26.06 PROSPECT AVENUE 


é 

ee i i i 
a bn = 
iF i 5 3 
eg = z s 
z: i s E 
sf & 5 5 


ONORLSAN TTBSSON 
‘ONTo@L SYS 3185304 


N37T4NN0 


yo, 3 ‘: 3 5 P 
Paqib gb ob i 7 i i i, if i i i 
Pai et gp qo i: ef ee 
y a fff fap go og f Hae a si 3 3 § 
5 s 855 at ae E & z & 7 & ss s = 8 


‘ONAOBLS3M F1ISSOd 
‘ONTOBLSYS S1BSSO4 


ST¥NIIS SNIGTOH) 
NIVId dO 


(xT Q7al4NIVId —N3aN0 COOMYSHLIN QOOMNYS {ATNO STWNOIS_ONIGTOH) 


HOLOIS dO 


| 
| eon aL 
H ery 


Fs 4 4 & Fy] 
i ls it pid 3 
F| se sk & ui 
Pai E it if i he 
Qef 8 3 o3 B ra 5 = 
2° 3 8 53 95 4% y 
ss 8 : as Be §, 7 
Te SS Se rears soso 


Q7314LS34 yav7o peleley thea) QYDJNVYO (49) 3NS01WV do 


LLL 40 yg e6ed 


€10z Aueniqa4 Apnyg uoisuedxy Ayoedesy ourq Aaye, uewey 
SCLZOTN WEN ZL02\0 ‘aia arm NOISE wo a] i i i 
coniiaon SYOVHL NIV HLb/ OYE meoimnnen Cina 
Oe i cimiai ONIGGY 4O LNANSS3SSY ALITIGISW34 ‘pe anon onan OO sear eter sugeet “A Tienv Ni 
axx0 
| ms AGNLS ALMHaISvad sagoovr MOI a LISNVUL : 
ron sewn WOVUL GUIHL ANI AS TIVA NVLIUVE mesa z 
3Sv2 TWNOIS YO HID (19A31 HOIH) WYO4LYId NOLLVIS fmm ONISSOND JavHO-Ly | 
ALIXSIdNOD LS3LV3 p 
LiIvud AoE aaa cucu — LSVN WNOIS  @ (13A31 MOD) NYOSLV Td NOILVIS ome ae april i 
ALXTIAWOD J1VNICON 
ALIXTTANOD TY WININ St g9glua IWNOIS JAY MSAD - J9gIuE I aoqida Au 43a0Nn J 


390I48 HOIH OL 


"6s. 


GUY VSIAve 


a a i 
: Pe Of ‘ 

ba i | 
i | 


RARTAN STATION 


3605 THOMPSON STREET 


BR 34.25 PETERS BROOK 
BR 34.02 LOESER Avenue 


BR M440 ROUTE 208 

BR 35.26 MODAUG! STREET 

8A 35.|9 SOMERSET STREET 
34.75 ROW ACCESS, 

BR 34.70 SOMERVILLE STATION 


aunosisam s18isso4 
amnoaisy3 F18SS0U 


avua GAO8 NVLIWVd STIAYSNOS 


3124 STs. 
BA 3i.21 ROUTE 267 


i A 3 i 
i i 
| i 2 : 
5 5 Fi} 3 
A 4 = 


BR 3137 PLANT DRIVEWAY 
GRIOGEWATER STATION 

fmt 30.24 woueiosRgoK STATI 
BR 30.08 MAIN STREET 


8 8 EE O_O SSE nice 


YSLVMS90INE 4ODUE 4004s 
annoa 


Appendix E. Scenario 2 Alignment Drawings and Schematic 


Raritan Valley Line Capacity Expansion Study February 2013 
Page 85 of 177 


LLL 40 98 e6ed 


elo Aeniqe4 Apnyg uoisuedxy Ayoedesy ourq Aayea uewey 
US mRaL0 rN WHORL barr as Z102/#1/ 1. eave anes ro a nt 
ei eit = ORIVNSIE -NVId AIy ‘lunca ariaannormeaciont ‘cvamerenmeraitai assoc WA Tisny Ni 
co AGNLS ALriaisvad | saoovr MI om LISNVELIN ' 
wou |  MOWHL GUIH.L INIT ASTIVA NVLIUVE aoe i 


fo / 


a A 
Lor ML 
7 F 


88 GYN 


Sf 
NOLWLS x , 
lyO L-OFO” YL GiglsNiWid ~ S20 AL 
ZO AL-ZZO" HL aw 
°f OIMWNZOS ea 


/9Z0- YL 


OINVNIOS SIHL NI GSGN TON] SONIMVYHG 


NOILVLS 


Q14l4LSSM 
NOILVLS 


doomuva LOT UL 


NOILVLS 
QYOsANVYO 


g¢cO ML 


ZO OL 


b¥O7 LL 


———_ Pu ‘Snvem oa. (x ‘apama HOIK OL ———~- 


LLL 40 1g abe 
€10z Aueniqa Apnjg uoisuedxy Ayoedes eurq Aayea ueqwey 


mavane waren 2102/41/10 eave anes nos ae] i 


saoovr (LI = NA Tisnval 


AGNLS ALINIGISVa4 Hy 

ron sayaanen MOVUL GUIHL ANI AS TIVA NVLIBUVE scnais30 | i 
wad t 

_———— 
aoe Ol o or | 
Wao4ivid gasodoud 3SNOH LNGNNYLSNI TWHLNaD TwNoIs oNUsIXa = [7] 

WIVEL G350d0ed SY wuosivia onusixa ZZ 7777) 30018 TWNDIS ONILSIXS 3 

i 

yOvEL ONLSIXS 3S¥0 WNDIS ONSIXSG §=—S LSVW WNOIS ONILSIXS e 


——— _ x vem OL 


fn ‘apame HOH OL ——_— 


ZL $0 9g e6ed 


€10z Aueniqe4 Apnjg uoisuedxy Ayoedes eurq Aayea ueqwey 
vo sms be - SE a ANI AZTIVA NVLIUYY inane PeLeaEn anon 2102/41/10 aie nes eae sae] 

Be iain z OlUVNZDS Saiuncan memos lama 

OOI=,1 


ny 
wens ul 
= sans miramewes ssoovr |) NA TisnvalN | 


roy. sorwnca MOVUL GUIHL ANI AS TIVA NVLIBUVE sons | | 
waad t 
—— 
aoe 001 o OO i 
Wao4ivid gasodoud | SNOW LNGNNYLSNI TWHLNaD TwNoIs oNUsIXa = [7] 

WVEL G350ded SY wwosivia onusixa ZZ 7777) 30018 TWNDIS ONILSIXS 3 
i 

yOvEL ONLSIXa EEE 35¥0 WNDIS ONISIXS §=—CSD LSVW WNOSIS ONILSIX3 e 


AIND YQVUL (WIND YANO INISSIII¥ 
WUO4LT 7d T3AZ7 HOIM MN HL 
WHOILVId GNNOBLSAM ONILSIXS JDVIdIe 


——— _ x vem OL fn ‘apame HOH OL ——_— 


LLL 40 68 86ed 


€10z Aueniqa Apnjg uoisuedxy Ayoedes eurq Aayea ueqwey 
vo sms OZ - 912 aN BNI ARTIVA NVLIBVE inane PeLeaEn anon 2102/41/10 aie nes Toa Ta 
CR iii z OlUVNZOS Saiuncan memos lama 


ny 
aa 4 
mt Tas RR saoovr UL NAdisnvulN | 


rx sows | MOWHL GUIHL ANI AS TIVA NVLIUVE scouss0 | | 
4333 t 
aoe Ol o or 
Wao4ivid gasodoud | SSNOH LNGNNYLSNI TWHLNaD TwNoIs oNUSIXa == [7] 
MOVE C3SOdced wuosivia onusixa ZZ 7777) 390148 TYNDIS ONLLSIXA 3 
YOveL ONILSixa 35v0 TNoIs ONSIXa = Xl LSYW TWNOIS ONSIXS = ® : 


——— _ x vem OL 


fn ‘apame HOH OL ——_— 


ZL 40 06 86ed 


Apnyg uoisuedxy Ayoedesy ourq Aayea uewey 


€L0z Aueniqe 
0S - O12 dN ANI ATIVA NVLIUVE mgr omc “we 2102/#1/ 1b uve ass a sl is 
sans mireanewas ssoovr |) NA TisnvalN |, 
mms |  WOWML GUIHL SNM ASTIVA NVLIBWE aa i 
oO 


WHOALY Id CASOddud — 
WYOSLT Id ONILSIXS KZZZZA 
3S¥2 TwNOIS ONILSIXS =D 


WIVEL G3S0d0ed a 
*OvEL ONLSIXS 


a 
ni 


i” 
1] 
is 


AINO YOVEL (IO BILNG SNISSIIOV 
WHOJLV Id T3A37 HSIH NON HL 
WHOSIV 1d ONNOGLSSM INILSIX3S 3DV1dae 


SSNOH LNSWMYLSNI TWHLN39 TWNSIS ONILSIXS 


3008 TWNDIS ONILSIX3 3 


LSYW WNSIS SNILSIXS 


fn ‘apame HOH OL ——_— 


ZLL 40 16 86ed 


€10z Aueniqa4 Apnjg uoisuedxy Ayoedes eurq Aayea ueqwey 
raloe OG) - Oe aN BNIT AMTIVA NVLIUVY muorn women “owe 2102/41/18 ve es — al Us Hy 
iia rons ounyin 2 OlUVNEZIS ‘Datspon ownamaore OOVt scuoescrammenra xsi “A lisnvy N Ni 
mr aw AGNLS ALuaISWa4 saoovr MII LISNVULIN |; 
rx sown | MOWHL GUIHL ANI AS TIVA NVLIUVE wom | a 
4333 
oa 
Wao4ivid gasodoud | 3SNOH LNGNMYLSNI TWHLNaD TwNaIs oNUsIXa = [7] 
WIVEL G350d0ed SY wwosivia onusixa ZZ 7777) 300IN8 TWNDIS ONILSIXS bd 
i 
3OveL ONILSIxa 35v0 TNOIs ONSIXa = Xl ASYW WNSIS ONUSIXA = 
7on 


——— _ x vem OL 


fn ‘apame HOH OL ——_— 


LLL 40 76 abe 
€10z Aueniqa4 Apnjg uoisuedxy Ayoedes eurq Aayea ueqwey 


FOLZOTN WRN NoISiAs su | OW 
vou 98 6h - OGL dN ANI AZTIVA NVLIUYE morn manson creve 2102/41/18 ve es ny 
my CRPOWY 667 os OW COP a pera 
e¢07 ML “DNI dnown ONREENIDNE BODY 22s ONEEENIDRS UT SSvn verve ome es 4 
salt saoovr MII LISNVUL 
ss AGNLS ALINIGISVa4 i i 
ron sayaanen MOVUL GUIHL ANI AS TIVA NVLIUVE sconais30 | i 
4333 { 
_———— 
aoe 001 o OO i 
Waodivid gasodoud SSNOH LNGNNYLSNI TWHLNaD TwNoIs oNUsIXa == [7] 
WEL C3S0dded ruosivid onusixa ZZ7777) SOME TWNDIS ONILSIXA 3 
i 
yOvEL ONLLSIXa 3Sv0 WNDIS ONISIXS §=—S) LSVW WNOIS ONILSIXS e 


——— _ x vem OL 


fn ‘aparme HOH OL ———_~ 


LLL 40 €6 abe 
€10z Aueniqa4 Apnjg uoisuedxy Ayoedes eurq Aayea ueqwey 


roy wo 
sia PSb9'S) di aNM Aa TIVA NVLRVa migmeaeen Z10Z/#1/ 1b earve onset ny 
“aay ORPOYY 662 5 EY OOF 

AGNLS ALrUaISVa4 saoovr MII a LISNVULIN |; 

ron sayaanen MOVUL GUIHL ANI AS TIVA NVLIUVE sconais30 | i 
wad t 

_———— 
oe 001 o OO i 
Wao4ivid gasodoud SNOW LNGNNYLSNI TWHLNaD TwNaIs oNUsIXa = [7] 
WIVEL O350d0ed SY wuosivig onusixa ZZ 7777) 30018 TWNDIS ONILSIXS 3 
i 
*OvEL ONISIXS 3Sv0 TWNDIS ONISIXG §=—SD LSVW WNOIS ONILSIXS e 


——— _ x vem OL 


fn ‘apame HOH OL ——_— 


LLL 40 ¥6 abe 
€10z Aueniqa+ Apnjg uoisuedxy Ayoedes eurq Aayen ueqwey 


M 

HOIKST EEL did SNM AS TIVA NVLIUVE i 
= OnIWNZOS iN i 

AGNLS ALINIGISVa4 i 

rvs | MWOWHL GUIHL ANI AS TIVA NVLIUVY meisze i 

‘4333 
—— ed 
00e ‘ool Q ow | 
Waodivid aascdoud CO) 3GAOH LNGAMILSNI WHLNSD TwNOIS oNUSIXa [—] 
WEL C3S0d0ud rwosivid onusina ZZ77 77) 3OUINE TWNSIS ONLISIXS 3 
i 
YOVEL ONILSIXS (EE 3s¥2 WwNoIs SNUSIXS §=—S LS¥A TWNOIS DNILSIXA e 
NIST] 


. 


: : 7 
=m ae 
f __ 


rl Sieh | 
mo 

. = 
er 


———_ _ “vem oL fx ‘span HOIH OL ———-~ 


Appendix F. Scenario 3 Alignment Drawings and Schematic 


Raritan Valley Line Capacity Expansion Study February 2013 
Page 95 of 177 


ZL 40 96 e6ed 


elo Areniqe4 Apnyg uoisuedxy Ayoedes aurq Aayea uewey 
re aa EnuOTN UNO own Z10Z/#1/1l aive anssi ISAS suo] On 3 
i ca € ORIVNEIS -NVId AD ‘Det noun onammmion ODT scvonsceampenraxs sasnaedY WA Tigny Ny 
ams AGNLS ALINGISVa4 saoovr MI = LISNVULIN P 
rns |  WOWHL GUIK.L 3NIT AS TIVA NVLIUVE = i 


ARETE CARMEN DLs JSAM hare: Cpe 


&@ GVN 
‘ 


NOLLVLS 


lyO ML-OvO AL ‘2SO AL-vZO ML 
7 OlYVNAOS 


OIYVNS9DS SIHL NI GSGNTONI SONIMVYC 


NOILVLS 


_ Q14l4LS4M 
NOILVLS 


NOILVLS SOE 


QYHOsANVYO 


bvO7 LL 


——_ on “vem OL (™ ‘apama HOH OL ————_~- 


elo Areniqa4 


LLL 40 16 e6ed 
Apnys uoisuedxy Ayoedey our Aaye, uewey 


AGNLS ALITIGISVa4 


MOVUL GUIHL ANIT AZTIVA NVLINVE 


OLZOIN WEN arsine suo] -W 
an ZlOZ/#1/ 11 eave anes! ny 
magensanan a tj 
“DN CMD ONAEENIDNE BEODVT ‘OU ONEEENIONE i 


NA TisnvalN 


WIVEL G3S0d0ed a 
yOvEL ONLSIXa EEE 


——— _ x vem OL 


WHOALY Id CASOddud — 
WYOSLT Id ONILSIXS LZZZZA 


3S¥0 TWNDIS ONISIXS =) 


SSNOH LNSWMYLSNI TWHLN3D TWNSIS ONILSIXS 
390IN8 TWNSIS ONILSIXA 


LSYW WNSIS ONILSIXS 


> ‘Webbe. sf " 
gra 
nh edit Ut 1 Ls 


fn ‘apame HOH OL ——_— 


LLL 40 96 86ed 


€10z Aueniqe4 Apnig uoisuedxy Ayoedes eurq Aayea ueqwey 
rama eT - Ss dv ANT AZTIVA NVLIEVE meorn women “owe BOC/*V/ IE area mss — = He 
SZ07HL Pannen € OINVNZOS ‘Del noee Onan BOONE secu ereameera xn “A Tienv WN MN 
ae AGNLS ALMHaIsvad saoovr ~II LISNVULIN 
runes |  MOWHL GUIHL ANI AS TIVA NVLIUVE wom | H 
4333 
oe Ol Cy oor 
Waodivid gasodoud SSNOH LNGNNYLSNI TWHLNaD TwNoIs oNUSIXa = [7] i 
WVEL G350ded SY wwosivig onusixa ZZ 7777) 30018 TWNDIS ONILSIXS 3 
OVEL ONILSIXa ( 35¥9 TWNOIS ONSIXa = SD LSYW TWNOIS ONSIXS = ® 
1N1 


——— _ x vem OL fn ‘apame HOH OL ——_— 


ZL 40 66 86ed 
€Loc Areniqa 


Apnys uoisuedxy Ayoedey our Aaye, uewey 


FOLZOTN WEAN Zlde/+1/ IL Noise a 
£28 - SES dM ANI AMTIVA NVLIUVE 2RALOEN MORROW corre: ZIV ive ss 
“way ORDOWY 667 omg EY OOF 
“DN anon ONAEENIONE BROT s22vuRS SNEEENEONG 27 


AGNLS ALIGISVa4 


NA isnva 


MOVUL GUIHL ANIT AZTIVA NVLINVE 


WHOALY Id CASOddud ———— 
WYOSLT Id ONILSIXS KLZZZZA 


SSNOH LNSWMYLSNI TWHLN39 TWNSIS ONILSIXS 


WIVEL G3S0d0ed a 
yOvEL ONLSIXa EE 


3008 TWNDIS ONILSIX3 3 


3S¥2 TwNOIS ONILSIXS =D LSVW WNSIS ONILSIXS e 


‘ ka A 


Vo eed # 


LAAs Aas 


Sail Va 


ATWO YOVaL CIVION) 4310 SNISS390¥ 
WHO4L97d T3077 HOH WGN HLth 
AYOILW1d GNNOGLSAM ONILSIXS J9V1dSy 


——— _ x vem OL 


fn ‘apame HOH OL ——_— 


ZL1 $0 00L e6ed 
€10z Aueniqa4 Apnjg uoisuedxy Ayoedes eurq Aayea ueqwey 


Tosa a] 
paastuwmnen Z102/+1/ live anss: CH H 
MORPOWY 66% os EW OOP 
AGNLS ALIaISVAad saoovr MII — LISNVULIN |, 
ron sayaanen MOVUL GUIHL ANI AS TIVA NVLIUVE scnais30 | i 
334 t 
——_ 
aoe Ol o or | 
Wao4ivid gasodoud 3SNOH LNGNNYLSNI TWHLNaD TwNoIs oNUsIXa = [7] i 
WIVEL G350d0ed SY wuosivia onusixa ZZ 7777) 30018 TWNDIS ONILSIXS 3 
yOvEL ONLSIXS 3S¥0 WNDIS ONSIXSG §=—S LSVW WNOIS ONILSIXS e 
oon 


——— _ x vem OL fn ‘apame HOH OL ——_— 


ZLL 40 LOL e6ed 


€10z Aueniqe4 Apnjg uoisuedxy Ayoedes eurq Aayea ueqwey 
rate ObZ- SCE aN ANI AMTIVA NVLIUVY muorn women “owe 2102/41/18 ve es — al Us He 
RI £ OIUVNZOS ‘Datspon ownamaore OOVt scuoescrammenra xsi WA iisny N i 
Or AGLS ALMGISVad saoovr II LISNVULIN |; 
rv uns |  MOWHL GUIHL ANI AS TIVA NVLIUVE wom | i 
4333 
aoe Ol o OO 
Wao4ivid gasodoud | SNOW LNGNNYLSNI TWHLNaD TwNoIs oNUsIXa = [7] i 
WVEL G350ded SY wwosivia onusixa ZZ 7777) 30018 TWNDIS ONILSIXS 3 
YOveL ONiLsixa 35v0 TNoIs ONISIXa = EX] AS¥W WNSIS ONUSIXA = 
77 


AIND YQVUL (WIND YANO INISSIII¥ 
WUO4LT 7d T3AZ7 HOIM MN HL 
WHOILVId GNNOBLSAM ONILSIXS JDVIdIe 


——— _ x vem OL fn ‘apame HOH OL ——_— 


ZLL 40 ZOL a6ed 


€10z Aueniqa4 Apnjg uoisuedxy Ayoedes eurq Aayea ueqwey 
ral me Ob - O°bz ca ANIT AMTIVA NVLIUVE muorn women “owe 2102/41/18 ve es — ill is He 
SA ei © OfMVNEOS ‘ounce Snare BOOT scvamsereameere an Wa iigny N Ni 
ae _ we AGNLS ALMIGISVad saoovr II LISNVULIN 
rv unes |  MOWHL GUIHL ANI AS TIVA NVLIUVE wom | i 
4333 
aoe Ol o OO 
Wao4ivid gasodoud | SSNOH LNGNNYLSNI TWHLNaD TwNoIs oNUSIXa == [7] i 
WIVEL G350d0ed SY wuosivia onusixa ZZ 7777) 39018G TWNOIS ONILSIXS 3 
YOveL ONILSixa 35v0 TNoIs ONSIXa = Xl ASYM WNOIS ONUSIXA = 
7on 


——— _ x vem OL fn ‘apame HOH OL ——_— 


ZL1 40 €0| e6ed 
€10z Aueniqa4 Apnjg uoisuedxy Ayoedes eurq Aayea ueqwey 
POS - OFZ din NIT AMTIVA NVLIBVE R60 EN WHOROW — Z102/#1/ 1 carva ansst or ao] oe ny 
a x Wa iigny N Ni 
AGNLS ALMHaISVa4 saoovr WII LISNVUL 
MOVHL GUIHL SNM ASTIVA NVLIUWH = | 
o 


ron JIYUINOD 
4333 
——__o— 
Ol o or 
vaodivis a3sodoud | 3CNOH LNBAMILSN! WHLNSI TWNOIS ONLLSIXa 


WVEL G350ded SY wwosivig onusixa ZZ 7777) 300IN8 TWNDIS ONILSIXS 3 
35v0 TwNDIS ONUSIXa = LSYW TYNDIS ONILSIX3 ° 


*OvEL ONLSIXS 


a 
ni 


i” 
1] 
is 


AINO YOVEL (IO BILNG SNISSIIOV 
WHOJLV Id T3A37 HSIH NON HL 
WHOSIV 1d ONNOGLSSM INILSIX3S 3DV1dae 
fn ‘apame HOH OL ——_— 


ZLL 40 yOL a6ed 


€10z Aueniqe4 Apnjg uoisuedxy Ayoedes eurq Aayea ueqwey 
raloe OG) - Oe aN ANT AZTIVA NVLIUVY muorn women “owe 2102/41/18 ve es — al Us Hy 
TG can € O1UVNZOS ‘Datspon ownamaore OOVt scuoescrammenra xsi WA Tignv N i 
ae AGNLS ALHaIsvad saoovr ~II LISNVULIN 
rv unes | MOWHL GUIHL ANI AS TIVA NVLIUVE wom | i 
4333 
aoe Ol o OO 
Wao4ivid gasodoud | 3SNOH LNGNMYLSNI TWHLNaD TwNaIs oNUsIXa = [7] i 
WIVEL G350d0ed SY wwosivia onusixa ZZ 7777) 300IN8 TWNDIS ONILSIXS bd 
3OveL ONILSIxa 35v0 TNOIs ONSIXa = Xl ASYW WNSIS ONUSIXA = 
7on 


——— _ x vem OL fn ‘apame HOH OL ——_— 


ZLL 40 GOL a6ed 


€Loz Aueniqe + Apnyg uoisuedxy Ayoedesy ourq Aayea uewey 
rer 9°61 - G6) cI ANIT AZTIVA NVLIUVE muon womnt “owe 2102/4718 aus —_ =|" ny 
can onecoamauese a Wa iigny My 
we anus xurwatevaa ssoovr = LiSNVaLN , 
rome | WOWHL GYUIKL ANI AS TIVA NVLIUVE seis | a 
4333 
a 
Wao4ivid gasodoud | SSNOH LNGNNYLSNI TWHLNaD TwNoIs oNUSIXa == [7] i 
WVEL C3S0dded rwosivis onusixa L277 7) SOME TWNDIS ONILSIXA 3 
JOvEL ONILSIXa NY 35¥9 TWNOIS oNUSIXa CS ASW WHOIS ONUSXG = ® 
7w=n 


——— _ x vem OL fn ‘aparme HOH OL ———_~ 


LLL 40 901 e6ed 
€10z Aueniqe4 Apnjg uoisuedxy Ayoedes eurq Aayea ueqwey 


sia PSb9'S) dA 2NM A TIVA NVLIVa ein censet mavane waren Z102/#1/10 area onan rrr) uw] er iy 
a ae nie Ny 

canis xirewevas saoovr) = NA TisnvalN |, 

ren smaunsa WOVUL GHIHL ANI AA TIVA NVLIBVVY xoeins | i 


2 
gy 
g 
\3 
| 
3 
AERO Le cum mum eer me pe ma 


el 
Wao4ivid gasodoud SNOW LNGNNYLSNI TWHLNaD TwNaIs oNUsIXa = [7] 
WIVEL O350d0ed SY wuosivig onusixa ZZ 7777) 39018 TWNOIS ONILSIXS 3 
OVEL ONILSIXa [ 35¥9 TWNOIS ONSIXa = SD LSYW TWNOIS ONSIXG = ® 
oon 


——— _ x vem OL fn ‘apame HOH OL ——_— 


elo Aeniqa 


LLL 40 LO) e6ed 
Apnyg uoisuedxy Ayoedesy ourq Aayea uewey 


AGNLS ALITGISVa4 
MOVUL GUIHL ANIT AX TIVA NVLINVU 


SDLZOTN TUDHON ZlOZ/F1/4l iva anssi ss a | 


Nk. TisnvulN ; 


WIVeL G3S0d0ed a 
yOvEL ONLSIXa EE 


Shand 
- i= 


——— __ Pv van OL 


waosivid aasodoud Lo) 
wuosivia onusixa ZZ 7777) 


3SfOH LNAWMYLSNI TWaLNa9 TwNOIS oNUSIXa = [_] 


3O01N8 TWNDIS ONILSIXA : 


LSYW WNSIS SNILSIXS e 


Px ‘Dae HOIH OL ——_— 


Appendix G. Scenario 4 Alignment Drawings and Schematic 


Raritan Valley Line Capacity Expansion Study February 2013 
Page 108 of 177 


LLL 40 60} e6ed 
€10z Aeniqe Apnyg uoisuedxy Ayoedes aurq Aayea uewey 


‘adiire nan Z10Z/+1/ 1. ayy anes sores an [™ CH 
¥ OLMVNSOS “NYId AZ ‘cui enose seaman sa seccmresemmmnres8 oase Ss amar a aot Ni 
janie arvana saoovr = NA TisnvalN , 

MOVUL GUIHL 3NIT AZ TIVA NVLIUWY == i 
NOLLVLS 
yoous oNnoa { 
i 
= ie em SIU ZI j 
ff SW 7 
SX Om 
LbO™ ML -OFO7 IL LS wri 
oO YL-ZEO HL figs 
+4107 4L-ZLO IL SSK wom 
°y OIMVNIOS ea 
Pw 6LO- HL 
OIVNGOS SIHL NI OJONIONI SONIMVSG eee oa 


4 
naTIaNna“S~ozo7 ML 
of 


«68 GVN 


“7 veo mL 


a 
Nouws < 
OUaIINIVId ~ SY c207 9 
a 


ne 
NOLS Ky We Sf 
GOOMYSHLIN 
/ 
PA 


NOLLYLS 


NOLLWLS ORES. 


GYOsNWeS 


——— _ x “veEN GL fn ‘spans HOH OL ———~- 


ZL1 40 OL| e6ed 
€L0z Aueniqe Apnig uoisuedxy Ayoedes eurq Aayen ueqwey 


WEOSIY Id O3S0d0ud a SSNOH LNGAAYLSNI TWHLNSD WNOIS ONILSIXS 


WEL Gsodaad nwosivia onusixa ZZ77 77} 300I88 TWNOIS ONILSIXS 


over ouisixa SY 3S¥9 INOS oniisixa = 5) ASW TWNOIS ONILSIX3 


ZL 40 LLL a6ed 
elo Aeniqa 


Apnys uoisuedxy Ayoedey our Aaye, uewey 


| 02/1/10 ava anes 


AGNLS ALMIGISVa4 
MOVUL GUIHL ANI AZTIVA NVLINDVE 


WHOSLY Id O3S0d0ed = 3SNOH LNSWMYLSNI WaLN32 TWNSIS INILSIXS 


WAVEL G3SOddad SY nuosivid onusixa L277 77) 3908 TWNDIS ONILSIXA 


woveL onusixa 3SvO WwNIS onsIX3 9S LSWI TWNOIS ONILSIXS 


ny 
Hi 
LISNVULIN f 


€Loc Aeniqa 


ZLL 40 ZLL a6ed 


Apnyg uoisuedxy Ayoedesy aurq Aayea uewey 


PLOW 
row oman 


AGNLS ALIIgISvas 
MOVUL GUHIKL ANI AR TIVA NVLIUVE 


wuosivid o3sodous |) 
WIVEL G3S0d0ud nuosivid onusica 2777 7A 


woveL oniisixa SY 3S¥9 TWNDIS ONUSIXa §=CSD 


| 02/0/10 ava anes 


3SNOHK LNSWMYLSNI WaLN39 TWNSIS INILSIXS 


3908 TWNOIS ONILSIXS 


ASW TWNSIS ONILSIXE 


~ 


LLL JOELL a6ed 
€10z Aueniqe4 Apnjg uoisuedxy Ayoedes eurq Aayen ueqwey 


ian arama NATisnvaiN i 


MOVUL GUIHL ANI AJTIVA NVLIUVY 


WHOALY Id O3S0d0ud __ a SSNOK LNGWNYLSNI WALNSI TWNIIS ONILSIXS 


WIVEL 3S0d0dd maosivig snus ZZ 777A 39018 TWNTIS ONILSIXS 


VEL ONILSIX] ES 389 TwNoIs oNusix3 CS) LSW TWNOIS ONILSIX3 


ZLL 40 yLL a6ed 
€Loc Aeniqa 


Apnyg uoisuedxy Ayoedesy aurq Aayea uewey 


OGL - GL dt aNIT ANTIVA NVLIUVE | 02/0/10 ava anes 
» OLUVNZIS 


AGNLS ALIaiSvad 
MOVUL GUIHL ANI ASTIVA NVLIUVE 


wuoslvid o3sodus (__ 3SMOH LNSWNULSNI WHLN39 “TWNSIS ONILSIX3 
WAVEL G3SO0ddad SY naosivid onusixa L777 77) 3O0IE TWNDIS ONILSIX 


woveL onusixa aSv9 TwNoIS oNSIXa §=CS) LSI TWNOIS ONILSIX3 


NA TisnvaiiN i 


LLL 4OGL| e6ed 
€L0z Aueniqe4 Apnjg uoisuedxy Ayoedes eurq Aayen ueqwey 


NA Tisnva i 


waosivid o3sodoud ( 3SMOH LNSWNULSNI WHLN39 “TWNSIS ONLLSIX3 i 
VEL T3S0ddad nwosivia onusixa ZZZ7 7A 3908 TWNDIS ONILSIXA 


woveL onusixa aSv9 TWNSIS oNSIXa §=CSD LSI TWNSIS ONILSIX3 


—— re ge ae 
s 7. 2 : 


LLL 40 9b} e6ed 
Apnyg uoisuedxy Ayoedesy aurq Aayea uewey 


€Loc Aeniqa 


| 02/0/10 ava anes ny 


Shs —— ATIVA NVYLINWH i 
NA. TisnvalN | 


AGNLS ALIlgiSvas 
MOVUL GUIHL ANI ASTIVA NVLIBUVE 


waosivid o3sodeud ( 3SMOH LNSWNULSNI WHLN39 “TWNSIS ONILSIX3 
VEL G3S0ddad nuosivid onusixa ZZ77 77) 3O0IE TWNDIS ONILSIX 


*ovEL onusixa aSv9 TwNoIS oNusIXa §=CSD LSI TWNSIS ONILSIX3 


LLL 40 LLL a6ed 
€L0z Aueniqe4 Apnjg uoisuedxy Ayoedes eurq Aayen ueqwey 


HOIKST HSL dit SNM AS TIWA NVLIUVE 


H 
» OlIVNIOS i 
LisnvuLlN 


WuodIvd a3scdoud (__—) SNOW LNGNNYLSNI WHLNO TWNOIS ONILSIX 


WAVE G3SOddad EY nuosivid onusixa L777 77) 300N8 TWNSIS ONILSIX 


voveL onusixa aSv9 TWNSIS oNUSIXa §=CSD LSI NSIS ONILSIXE 


25 Abby) 


~ SSS —_. 


LLL 40 8b) a6ed 
Apnys uoisuedxy Ayoedey our Aaye, uewey 


€L0z Aeniqe4 
ise munca “eae E0870 ae nm = =) nf 
NOVEL CHE NOONE ONNOS *LAxD0d d13/51S3M HdWO08 z 
TF Twa] NOILOSNNOD AN3GTY YOU! 31@N00 -P ORVNGOS | saacanowmms moo ae sss W wen rN Hi 
om | AALS ALMGISVEd saoovr II = LISNVULIN |, 
ruses |  MOWHL GUIKL ANI AZTIVA NVLIUVE : i 


anno emma 


LLL 40 6b) e6ed 
Apnys uoisuedxy Ayoedey our Aaye, uewey 


€L0z Aeniqe4 
ron 1798 mar wmosncon, “ore C102/26/10 _aiv0 mss = aim lie ny 
WOVYL OYE O48 ONNOG ‘13¥90d G713141S HdWO 3 
Be at catia NOLS3aNNOD aNaOW YovaL “FTanod 3 ‘pu soca onan ODM seovtor neem tee “A Tienvy Kn Hie 
ware : 
ams | AGNLS ALMEISVad saoovr IT = LISNVUL N i 
roucurs |  MWOWHL GUIKL JNIT AS TIVA NVLIUVE i 


foun AE } LRN RNR NC LENBRNM B 


Appendix H. Plainfield Turnback Drawings (Not Included in Any 
Scenario) 


Raritan Valley Line Capacity Expansion Study February 2013 
Page 120 of 177 


ZLL 40 LZL a6ed 


€Loz Aueniqe + Apnys uoisuedxy Ayoedey our Aaye, uewey 
vo 2'CS - G'CZ dN ANT AZTIVA NVLIBVH mason mosw “ee | 2102/21/20 eva ans e sacl fae My 
OH ne NOULdO NOVI LaNOOd isi rere se estrean a ster A Tienv WN Ni 
at anes AGNLS ALIMIGISV24 | saoovr wt = LISNVUL i 
wna |  WOWHL GUIH.L JNIT AS TIVA NVLIEVH ee i 
| 
i 
| 
i 
i 
i 
t 
i] 
& 


——— _ ow “ven 01 fn ‘spars HOH OL ———__~- 


LLL 40 @ZL a6ed 


€Loz Aueniqe + Apnys uoisuedxy Ayoedey our Aaye, uewey 
ew 178 £22 - TES aN ANI A TIVA NVLIEVE 21420 1m WOIRLONE ore 2102/21/60 eave mes reine aa ny 
ox NOLO NOWELL LmD0d te on aos es ~ nae Ni 
a sane cirwaveved sgaoovr J vm LISNVULIN 
vn |  WOWHL GUIH.L JNIT AS TIVA NVLIUVY mad i 

| 

i 

i 

i 

a 

i 

i 

i 

| 

& 


——— _ ow “vamnoL fx ‘apa HOIH OL ———_~ 
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Simulation Results 
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Appendix K. Scenario 2 Time-Distance (“String”) Chart 
Simulation Results 
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Appendix L. Scenario 3 Time-Distance (“String”) Chart 
Simulation Results 
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Appendix M. Scenario 4 Time-Distance (“String”) Chart 
Simulation Results 
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Appendix N. Capital Cost Estimate Detail by Scenario 
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Cost peccnpuon Base Allocated Total 
Categories P Cost | Contingency Cost 
10 GUIDEWAY & TRACK ELEMENTS 
10.04 Guideway: Aerial structure. Aldene Bridge $0 10.0% $0 
10.08 Guideway: Retained cut or fill $0 5.0% $0 
10.11 Track: Ballasted $0 5.0% $0 
10.12 Track: Special (switches, turnouts) $0 5.0% $0 
No. 10 Equilateral Switch Machine Layout, 
10.12 Hester: $0 5.0% $0 
10.12 No. 20 Switch Machine Layout, Heaters $0 5.0% $0 
10.12 No. 32.7 Switch Machine Layout, Heaters $0 5.0% $0 
SUBTOTAL SECTION 10 $0 5.0% $0 
20 STATIONS, STOPS, TERMINALS, INTERMODAL 
20.01 Platform $0 5.0% $0 
20.02 Station Utilities $0 5.0% $0 
20.07 Elevators, escalators, overpass $0 5.0% $0 
SUBTOTAL SECTION 20 $0 5.0% $0 
40 SITEWORK & SPECIAL CONDITIONS 
40.01 Demolition, Track $0 5.0% $0 
40.04 Temporary Facilities and other indirect costs $0 5.0% $0 
during construction 
SUBTOTAL SECTION 40 $0 5.0% $0 
50 SYSTEMS 
50.01 Interlocking - Pre-Wired Bungalow, Signals $0 5.0% $0 
50.01 ee Cut Section - Pre-Wired House, 2- $18,980,000 5.0%| $19,929,000 
50.01 Cab Signal Cut Section - Pre-Wired House, 3- $0 5.0% $0 
Tracks 
50.01 ROCC & BOS Modifications $0 5.0% $0 
50.01 Removal of Existing Signals, Cases, Cables $420,000 5.0% $441,000 
SUBTOTAL SECTION 50 $19,400,000 5.0%] $20,370,000 
CONSTRUCTION SUBTOTAL $19,400,000 5.0%] $20,370,000 
60 ROW, LAND, EXISTING IMPROVEMENTS 
60.01 Purchase or lease of real estate $0 5.0% $0 
SUBTOTAL SECTION 60 $0 5.0% $0 
Raritan Valley Line Capacity Expansion Study February 2013 


Table 41 — Conceptual Opinion of Probable Cost — Scenario 1 


Cost Deccnpton Base Allocated Total 
Categories P Cost | Contingency Cost 
80 PROFESSIONAL SERVICES 
80.01 Preliminary Engineering (4%) 4.0% $814,800 
80.02 Final Design (6%) 6.0% $1,222,200 
Railroad Project Management for Design and 3 
80.03 Construction (2%) 2.0% $407,400 
80.04 oo Administration & Management 8.5% $1,731,450 
. {o) 
Professional Liability and other Non- 5 
80.05 Construction Insurance (5%) 5.0% $1,018,500 
80.06 Legal; Peale Review Fees by other agencies, 1.0% $203,700 
cities, etc. (1%) 
SUBTOTAL SECTION 80 $5,398,050 
90 UNALLOCATED CONTINGENCY (40% of Constr.) 40.0% $8,148,000 
100 FINANCE CHARGES (2% of Construction) 2.0% $407,400 
TOTAL PROJECT COST $34,323,450 
Table 42 — Conceptual Opinion of Probable Cost — Scenario 2 
Cost Description Base Allocated Total 
Categories P Cost | Contingency Cost 
10 GUIDEWAY & TRACK ELEMENTS 
10.04 Guideway: Aerial structure. Aldene Bridge $0 10.0% $0 
10.04 Guideway: Aerial structure. Leland Avenue. $0 10.0% $0 
10.04 Guideway: Aerial structure. Berkman Street. $3,400,000 10.0% $3,740,000 
10.08 Guideway: Retained cut or fill $15,000,000 5.0%] $15,750,000 
10.11 Track: Ballasted $6,167,000 5.0% $6,475,350 
10.12 Track: Special (switches, turnouts) $4,900,000 5.0% $5,145,000 
410.12 No. 10 Equilateral Switch Machine Layout, $94,000 5.0% $98,700 
Heaters 
10.12 No. 20 Switch Machine Layout, Heaters $0 5.0% $0 
10.12 No. 32.7 Switch Machine Layout, Heaters $564,000 5.0% $592,200 
SUBTOTAL SECTION 10 $30,125,000 5.0%) $31,631,250 
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Table 42 — Conceptual Opinion of Probable Cost — Scenario 2 


Cost Beccnouen Base Allocated Total 
Categories ie Cost | Contingency Cost 
20 STATIONS, STOPS, TERMINALS, INTERMODAL 
NETHERWOOD STATION 
400'x12' Platform. Platform costs includes: Hi- 
20.01 level platform, canopy, signage, windscreens, $4,800,000 5.0% $5,040,000 
benches, lighting and passenger information 
systems. 
20.02 Station Utilities $50,000 5.0% $52,500 
20.07 Elevators, escalators $1,400,000 5.0% $1,470,000 
FANWOOD STATION 
400'x12' Platform. Platform costs includes: Hi- 
20.01 level platform, canopy, signage, windscreens, $4,800,000 5.0% $5,040,000 
benches, lighting and passenger information 
systems. 
20.02 Station Utilities $50,000 5.0% $52,500 
20.07 Elevators, escalators, overpass $2,360,000 5.0% $2,478,000 
SUBTOTAL SECTION 20 $13,460,000 5.0%| $14,133,000 
40 SITEWORK & SPECIAL CONDITIONS 
40.01 Demolition, Track $42,600 5.0% $44,730 
40.02 Demolition, Netherwood $160,000 5.0% $168,000 
40.03 Demolition, Fanwood $176,000 5.0% $184,800 
40.08 Temporary Facilities and other indirect costs $100,000 5.0% $105,000 
during construction 
SUBTOTAL SECTION 40 $478,600 5.0% $502,530 
50 SYSTEMS 
50.01 Interlocking - Pre-Wired Bungalow, Signals $3,134,000 5.0% $3,290,700 
50.01 ae Cut Section - Pre-Wired House, 2- $15,860,000 5.0%| $16,653,000 
50.01 taeda Cut Section - Pre-Wired House, 3- $3,676,800 5.0% $3,860,640 
50.01 ROCC & BOS Modifications $50,000 5.0% $52,500 
50.01 Removal of Existing Signals, Cases, Cables $420,000 5.0% $441,000 
SUBTOTAL SECTION 50 $23,140,800 5.0%| $24,297,840 
CONSTRUCTION SUBTOTAL $67,204,400 5.0%| $70,564,620 
60 ROW, LAND, EXISTING IMPROVEMENTS 
60.01 Purchase or lease of real estate $0 5.0% $0 
SUBTOTAL SECTION 60 $0 5.0% $0 
Raritan Valley Line Capacity Expansion Study February 2013 
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Table 42 — Conceptual Opinion of Probable Cost — Scenario 2 


Cost Deccnouen Base Allocated Total 
Categories P Cost | Contingency Cost 
80 PROFESSIONAL SERVICES 
80.01 Preliminary Engineering (4%) $2,822,585 
80.02 Final Design (6%) $4,233,877 
Railroad Project Management for Design and 
ans Construction (2%) whe heve 
80.04 oo Administration & Management $5,997,993 
. oO 
Professional Liability and other Non- 
aie Construction Insurance (5%) 93,528,231 
80.06 Legal; Permits; Review Fees by other agencies, $705,646 
cities, etc. (1%) 
SUBTOTAL SECTION 80 $18,699,624 
90 UNALLOCATED CONTINGENCY (40% of Constr.) 40.0% | $28,225,848 
100 FINANCE CHARGES (2% of Construction) 2.0% $1,411,292 


TOTAL PROJECT COST 


$118,901,385 
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Table 43 — Conceptual Opinion of Probable Cost — Scenario 3 


Cost Description Base Allocated Total 
Categories Cost | Contingency Cost 
10 GUIDEWAY & TRACK ELEMENTS 
10.04 Guideway: Aerial structure. Aldene Bridge $0 10.0% $0 
10.04 Guideway: Aerial structure. Leland Avenue. $0 10.0% $0 
10.04 Guideway: Aerial structure. Berkman Street. $3,400,000 10.0% $3,740,000 
10.04 Guideway: Aerial structure. Richmond Street. $0 10.0% $0 
10.04 Guideway: Aerial structure. Roosevelt Avenue. $0 10.0% $0 
10.04 Guideway: Aerial structure. Watchung Avenue. $0 10.0% $0 
10.04 Guideway: Aerial structure. Park Avenue. $0 10.0% $0 
10.04 Guideway: Aerial structure. Madison Avenue. $0 10.0% $0 
10.04 Guideway: Aerial structure. Central Avenue. $0 10.0% $0 
10.04 Guideway: Aerial structure. New Street. $0 10.0% $0 
10.04 Guideway: Aerial structure. Liberty Street. $0 10.0% $0 
10.04 Guideway: Aerial structure. Plainfield Avenue. $250,000 10.0% $275,000 
10.08 Guideway: Retained cut or fill $15,000,000 5.0%] $15,750,000 
10.11 Track: Ballasted $10,965,500 5.0%) $11,513,775 
10.12 Track: Special (switches, turnouts) $8,900,000 5.0% $9,345,000 
10.12 ee Switch Machine Layout, $94,000 5.0% $98,700 
10.12 No. 20 Switch Machine Layout, Heaters $376,000 5.0% $394,800 
10.12 No. 32.7 Switch Machine Layout, Heaters $564,000 5.0% $592,200 
SUBTOTAL SECTION 10 $39,549,500 5.0%) $41,526,975 
20 STATIONS, STOPS, TERMINALS, INTERMODAL 
NETHERWOOD STATION 
400'x12' Platform. Platform costs includes: Hi- 
20.01 | penches, lighting ard passenger information’ | _ $4+800,000 5.0%| $5,040,000 
systems. 
20.02 Station Utilities $50,000 5.0% $52,500 
20.07 Elevators, escalators $1,400,000 5.0% $1,470,000 
FANWOOD STATION 
400'x12' Platform. Platform costs includes: Hi- 
20.01 |Senches, lighting and passenger information’ | $4800.00 5.0%| $5,040,000 
systems. 
20.02 Station Utilities $50,000 5.0% $52,500 
20.07 Elevators, escalators, overpass $2,360,000 5.0% $2,478,000 
PLAINFIELD STATION 
630'x12' Platform. Platform costs includes: Hi- 
20.01 | benches, lighting and passenger information’ |  $%780,000 5.0%| $3,969,000 
systems. 
20.02 Station Utilities $50,000 5.0% $52,500 
20.07 Elevators, escalators $1,400,000 5.0% $1,470,000 
SUBTOTAL SECTION 20 $18,690,000 5.0%) $19,624,500 
Raritan Valley Line Capacity Expansion Study February 2013 
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Table 43 — Conceptual Opinion of Probable Cost — Scenario 3 
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Cost Deccnouon Base Allocated Total 
Categories P Cost | Contingency Cost 
40 SITEWORK & SPECIAL CONDITIONS 
40.01 Demolition, Track $140,800 5.0% $147,840 
40.02 Demolition, Netherwood $160,000 5.0% $168,000 
40.03 Demolition, Fanwood $176,000 5.0% $184,800 
40.03 Demolition, Plainfield $171,200 5.0% $179,760 
40.08 Temporary Facilities and other indirect costs $150,000 5.0% $157,500 
during construction 
SUBTOTAL SECTION 40 $798,000 5.0% $837,900 
50 SYSTEMS 
50.01 Interlocking - Pre-Wired Bungalow, Signals $4,701,000 5.0% $4,936,050 
50.01 oe Cut Section - Pre-Wired House, 2- $14,560,000 5.0%| $15,288,000 
50.01 a Cut Section - Pre-Wired House, 3- $5,208,800 5.0% $5,469,240 
50.01 ROCC & BOS Modifications $50,000 5.0% $52,500 
50.01 Removal of Existing Signals, Cases, Cables $420,000 5.0% $441,000 
SUBTOTAL SECTION 50 $24,939,800 5.0%] $26,186,790 
CONSTRUCTION SUBTOTAL $83,977,300 5.0%| $88,176,165 
60 ROW, LAND, EXISTING IMPROVEMENTS 
60.01 Purchase or lease of real estate $0 5.0% $0 
SUBTOTAL SECTION 60 $0 5.0% $0 
80 PROFESSIONAL SERVICES 
80.01 Preliminary Engineering (4%) 4.0% $3,527,047 
80.02 Final Design (6%) 6.0% $5,290,570 
Railroad Project Management for Design and 3 
80.03 Construction (2%) 2.0% $1,763,523 
80.04 oo Administration & Management 8.5% $7,494,974 
i fo) 
Professional Liability and other Non- 6 
sia Construction Insurance (5%) ane pane eU8 
Legal; Permits; Review Fees by other agencies, 5 
80.06 cities, etc. (1%) 1.0% $881,762 
SUBTOTAL SECTION 80 $23,366,684 
90 UNALLOCATED CONTINGENCY (40% of Constr.) 40.0%| $35,270,466 
100 FINANCE CHARGES (2% of Construction) 2.0% $1,763,523 
TOTAL PROJECT COST $148,576,838 
Raritan Valley Line Capacity Expansion Study February 2013 


Table 44 — Conceptual Opinion of Probable Cost — Scenario 4 


Cost Beccnouon Base Allocated Total 
Categories P Cost | Contingency Cost 
10 GUIDEWAY & TRACK ELEMENTS 
10.04 Guideway: Aerial structure. Aldene Bridge $0 10.0% $0 
10.04 Guideway: Aerial structure. Main Street. $0 10.0% $0 
10.08 Guideway: Retained cut or fill $0 5.0% $0 
10.11 Track: Ballasted $4,994,500 5.0% $5,244,225 
10.12 Track: Special (switches, turnouts) $3,800,000 5.0% $3,990,000 
10.12 No. 10 Equilateral Switch Machine Layout, $94,000 5.0% $98,700 
Heaters 
10.12 No. 20 Switch Machine Layout, Heaters $188,000 5.0% $197,400 
10.12 No. 32.7 Switch Machine Layout, Heaters $0 5.0% $0 
SUBTOTAL SECTION 10 $9,076,500 5.0% $9,530,325 
20 STATIONS, STOPS, TERMINALS, INTERMODAL 
BOUND BROOK STATION 
400'x24' Platform. Platform costs includes: Hi- 
20.01 level platform, canopy, signage, windscreens, $7,200,000 5.0% $7,560,000 
benches, lighting and passenger information 
systems. 
20.02 Station Utilities $50,000 5.0% $52,500 
20.07 Elevators, escalators, overpass $2,360,000 $2,360,000 
SUBTOTAL SECTION 20 $9,610,000 5.0%| $10,090,500 
40 SITEWORK & SPECIAL CONDITIONS 
40.01 Demolition, Track $249,800 5.0% $262,290 
40.02 Demolition, Bound Brook $160,000 5.0% $168,000 
40.08 Temporary Facilities and other indirect costs $50,000 5.0% $52,500 
during construction 
SUBTOTAL SECTION 40 $459,800 5.0% $482,790 
50 SYSTEMS 
50.01 Interlocking - Pre-Wired Bungalow, Signals $3,134,000 5.0% $3,290,700 
50.01 Stl Cut Section - Pre-Wired House, 2- $16,640,000 5.0%| $17,472,000 
50.01 Cab Signal Cut Section - Pre-Wired House, 3- $612,800 5.0% $643,440 
Tracks 
50.01 ROCC & BOS Modifications $50,000 5.0% $52,500 
50.01 Removal of Existing Signals, Cases, Cables $420,000 5.0% $441,000 
SUBTOTAL SECTION 50 $20,856,800 5.0%| $21,899,640 
CONSTRUCTION SUBTOTAL $40,003,100 5.0%| $42,003,255 
60 ROW, LAND, EXISTING IMPROVEMENTS 
60.01 Purchase or lease of real estate $0 5.0% $0 
SUBTOTAL SECTION 60 $0 5.0% $0 
Raritan Valley Line Capacity Expansion Study February 2013 


Page 159 of 177 


Table 44 — Conceptual Opinion of Probable Cost — Scenario 4 


Cost Deccnouen Base Allocated Total 
Categories P Cost | Contingency Cost 
80 PROFESSIONAL SERVICES 
80.01 Preliminary Engineering (4%) $1,680,130 
80.02 Final Design (6%) $2,520,195 
Railroad Project Management for Design and 
ans Construction (2%) diac 
80.04 oo Administration & Management $3,570,277 
. {o) 
Professional Liability and other Non- 
ete Construction Insurance (5%) 92,100,168 
80.06 Legal; Poal ies Review Fees by other agencies, $420,033 
cities, etc. (1%) 
SUBTOTAL SECTION 80 $11,130,863 
90 UNALLOCATED CONTINGENCY (40% of Constr.) 40.0%} $16,801,302 
100 FINANCE CHARGES (2% of Construction) 2.0% $840,065 
TOTAL PROJECT COST $70,775,485 
Raritan Valley Line Capacity Expansion Study February 2013 
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